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ABSTRACT
A s t u d y  o f  c o t t o n  b o l l  t i s s u e s  i n v o l v e d  i n  d e h i s c e n c e  was made t o  
d e t e r m i n e  t h e i r  r o l e  i n  i n i t i a t i o n  o f  b o l l  r o t .  Gossypium h i r s u t u m  I,, 
v a r i e t i e s  ' S t o n e v i l l e  7A‘ and 'DPL 1 6 '  were  u s e d .  T r a n s v e r s e  s e c t i o n s  
were  made o f  e x t e r n a l  s u t u r a l  r e g i o n s  o f  f i e l d - g r o w n  b o l l s  5 -50  d ays  
o f  age from a n t h e s i s .  A n a to m ic a l  f e a t u r e s  o f  e x t e r n a l  s u t u r a l  a r e a s  
w ere  d e s c r i b e d ,  and d e h i s c e n c e  was f o l l o w e d  th r o u g h  p r o g r e s s i v e  b o l l  
a g e s .  I n i t i a l  s u t u r a l  s p l i t t i n g  o c c u r r e d  b e tw ee n  t h e  1 0 t h - 1 5 t h  day  
n e a r  t h e  s u t u r a l  c e n t e r  and p r o c e e d e d  c e n t r i p e t a l l y  and c e n t r i f u g a l l y  
t o  c o m p l e t i o n .  T h i s  i n d i c a t e d  t h a t  s u t u r a l  d e h i s c e n c e  began  b e f o r e  
e x t e r n a l  b o l l  m a t u r i t y  was c o m p l e t e .  On a p p r o x i m a t e l y  t h e  4 5 t h  d a y ,  
b o l l  e x o c a r p s  were  c o m p l e t e l y  s e p a r a t e d ,  e x p o s i n g  t h e l c c u l e s .
P a r a d e r m a l  and t r a n s v e r s e  s e c t i o n s  o f  p e r i c a r p s  o f  5 -55  day o l d ,  
a p p a r e n t l y  h e a l t h y  f i e l d - g r o w n  b o l l s  were  made t o  i n v e s t i g a t e  e n t r y  
o f  b o l l - r o t t i n g  o r g a n i s m s .  These  s e c t i o n s  r e v e a l e d  f u n g a l  s p o r e s  
a n d / o r  m y c e l i a  random ly  c o v e r i n g  b o l l s  a f t e r  t h e  5 t h  d ay .  As b o l l  
age  i n c r e a s e d  t o  t h e  2 0 t h - 2 5 t l i  d a y ,  marked c h a n g e s  i n  s t o r n a t a l  o p e n ­
i n g s  w ere  n o t e d .  Guard c e l l s  o f  20 -25  day b o l l s  a p p a r e n t l y  became 
n o n - f u n c t i o n a l  o r  s e n e s c e n t ,  s t o m a t a  r e m a in e d  op en ,  and w ere  [• ;ne -  
t r a t e d  by hyphae  o f  v a r i o u s  f u n g a l  s p e c i e s .
F u n g i  c o l o n i z e d  t h e  o u t e r  p e r i c a r p  t i s s u e s  and e n t e r e d  t h e  
s u t u r a l  a r e a s  f o l l o w i n g  p r o g r e s s i v e  d e h i s c e n c e .  T h e re  was a c o r ­
r e l a t i o n  be tw ee n  t h e  t im e  o f  s t o r n a t a l  p e n e t r a t i o n  and i n i t i a l  b o l l  
d e h i s c e n c e .  S u t u r a l  c o l o n i z a t i o n  by  r o t  o r g a n i s m s  was f o l l o w e d  by  
f i b e r  d e t e r i o r a t i o n  i n  t h e  l o c u l e s .
Two s e p a r a t e  l o t s ,  o f  t e n  5 -50  day  o l d  b o l l s  e a c h ,  were  randomly  
s e l e c t e d  f rom b o t h  Morrow and S t .  J o s e p h  p l o t s .  P e d u n c l e s  were c u t  
away and b o l l s  s u r f a c e  s t e r i l i z e d  i n  one g r o u p ,  and f l o r a l  a c c e s s o r i e s  
w ere  removed from b o t h  l o t s .  B o l l  r o t  d e v e l o p e d  by th e  5 t h  day i n  t h e  
n o n s t e r i l i z e d  g r o u p ,  w h i l e  l i t t l e  r o t  was n o t e d  b e f o r e  t h e  2 0 th  day  
o f  b o l l  age i n  t h e  s t e r i l i z e d  b o l l s .  C a l l u s  t i s s u e  formed on t h e  c u t  
s u r f a c e  o f  many o f  t h e  5 -20  day  b o l l s ,  i n d i c a t i n g  a p r a c t i c a l l y  
m i c r o o r g a n i s m - f r e e  i n t e r i o r  u n t i l  t h e  2 0 t h - 2 5 t h  day  o f  b o l l  d e v e l o p ­
ment .
F i e l d - g r o w n  b r a c t s  on s q u a r e s  and b o l l s  t h r o u g h  d e h i s c e n c e  were  
s e l e c t e d ,  i n d i v i d u a l l y  s u r f a c e  s t e r i l i z e d  and a s e p t i c a l l y  s e c t i o n e d  
i n t o  a p i c a l ,  m i d d le  and b a s a l  p o r t i o n s .  These  p o r t i o n s  were  p l a t e d  
on w a t e r  a g a r  and i n c u b a t e d .  R e s u l t s  showed p o t e n t i a l  b o l l - r o t  
inocu lum  grow ing  from w i t h i n  t h e  b r a c t  p o r t i o n s  and i n d i c a t e d  a  c o n ­
t i n u o u s  a s s o c i a t i o n  o f  b o l l - r o t  m i c r o o r g a n i s m s  w i t h  f l o r a l  a s  w e l l  
a s  b o l l  s t a g e s  o f  d e v e l o p m e n t .
V i s u a l  p r e s e n c e  o f  m i c r o o r g a n i s m s  w i t h i n  b r a c t s  5-45  days  o f  
age was d e m o n s t r a t e d .  P a r a d e r m a l  and t r a n s v e r s e  b r a c t  s e c t i o n s  
r e v e a l e d  hyphae  e n t e r i n g  s t o m a t a  a t  t h e  apex  o f  b r a c t s  and c o l o n i z i n g  
a p i c a l ,  m i d d l e  and b a s a l  r e g i o n s ,  p r o g r e s s i v e l y ,  as  b r a c t  age 
i n c r e a s e d .
A c o m p a r a t i v e  g r e e n h o u s e  s t u d y  was u n d e r t a k e n  i n  w hich  t h e  mode 
o f  e n t r y  and c o l o n i z a t i o n  o f  b r a c t s  and b o l l s  by D i p l o d i a  g o s s y p i n a  
Cke.  w ere  d e t e r m i n e d .  D i p l o d i a - s p o r e  s u s p e n s i o n s  were a p p l i e d  t o  
g r e e n h o u s e  b o l l s  and b r a c t s  o f  a g e s  5 -60  d a y s .  C o n s t a n t  h i g h  h u m i d i t y
was m a i n t a i n e d  from m i s t e r s  by  day  and s t e a m  v a p o r  a t  n i g h t .  I n o c u ­
l a t e d  b r a c t s  and b o l l s  were  removed a f t e r  5 d a y s  and p a r a d e r m a l  and 
t r a n s v e r s e  s e c t i o n s  made o f  b r a c t s  and e x t e r n a l  b o l l  s u t u r e s .  Abun­
d a n t  s p o r e s  and m y c e l i a  were  found  on t h e  s u r f a c e s  o f  b r a c t s  and b o l l s ,  
and p e n e t r a t i o n  o f  b o t h  v i a  s t o m a t a  was o b s e r v e d .
O u t e r  c e l l  l a y e r s  o f  p e r i c a r p s  were  c o l o n i z e d  f o l l o w i n g  s to r n a t a l  
e n t r y  b e tw ee n  35-40  d ay s  o f  b o l l  a g e ,  m y c e l i a  e n t e r e d  p r o g r e s s i v e l y  
d e h i s c i n g  s u t u r e s ,  and f i b e r  r o t  b e g a n  b e f o r e  d e h i s c e n c e  was c o m p l e t e .
g o s s y p i n a  e n t e r e d  t h r o u g h  t h e  s t o m a t a  n e a r  t h e  b r a c t  a p i c e s  
and p r o c e e d e d  t o  t h e  b a s e s  w i t h  i n c r e a s i n g  b r a c t  a g e .
I s o l a t i o n s  o f  D i p l o d i a  made f rom i n o c u l a t e d  b r a c t s  cn  a l l  s t a g e s  
from s q u a r e s  t o  b o l l  d e h i s c e n c e  i n d i c a t e d  f u n g a l  a s s o c i a t i o n  w i t h  
b r a c t s  t h r o u g h  a l l  p e r i o d s  o f  t h e i r  d e v e l o p m e n t .
INTRODUCTION
The s e q u e n c e  o f  e v e n t s  i n v o l v i n g  c h a n g e s  i n  t h e  morpho logy  o f  
d e h i s c i n g  c o t t o n  b o l l  s u t u r e s  o f  Gossypium h l r s u t u m  L.  h a s  b een  
g e n e r a l l y  d e s c r i b e d  ( 4 ,  8 ) .  However ,  more  s p e c i f i c  i n f o r m a t i o n  a s  
t o  t h e  p r e c i s e  t i m e  and i n i t i a l  p o i n t  a t  w h ich  s u t u r a l  d e h i s c e n c e  
b e g i n s  was n ee d e d  b e c a u s e  o f  i t s  a p p a r e n t  r e l a t i o n s h i p  t o  b o l l  r o t  
d e v e l o p m e n t .
T h e re  a r e  s e v e r a l  a r e a s  o f  t h e  c o t t o n  b o l l  which  have  b e e n  
d e s c r i b e d  as  p o i n t s  o f  i n g r e s s  by m i c r o o r g a n i s m s  ( 1 ,  5 ,  1 8 ) .  The 
m orphology  o f  th e  b o l l  i s  s uch  t h a t  t h e  c a r p e l  w a l l s  a r e  i n v o l v e d  i n  
a l l  o r  m os t  o f  t h e s e  p o s s i b l e  p o r t a l s  o f  e n t r y .  The p o s s i b l e  e x c e p ­
t i o n  t o  t h i s  wou ld  be  a t  t h e  u n i o n  o f  t h e  c a r p e l  t i s s u e s  w i t h  t h e  
r e c e p t a c l e  o f  t h e  b o l l  and t h e  v a s c u l a r  t i s s u e  w i t h i n  t h e  r e c e p t a c l e  
d i s c .
A d e t a i l e d  s t u d y  o f  t h e  b o l l  s u r f a c e  and p e r i c a r p  t i s s u e s  was 
r e q u i r e d  to  d e t e r m i n e  t h e  a c t u a l  mode o f  p e n e t r a t i o n  and c o l o n i z a t i o n  
u s e d  by  some m i c r o o r g a n i s m s  w h ich  come i n t o  c o n t a c t  w i t h  c o t t o n  b o l l s .  
T h i s  m ig h t  l e a d  t o  an e x p l a n a t i o n  f o r  t h e  o c c u r r e n c e  o f  much o f  t h e  
m i c r o b i a l  g row th  t a k e n  from t h e  b o l l  a p i c e s ,  b a s e s ,  f i b e r  i n  t h e  
l o c u l e s ,  and t h e  p l a c e n t a l  co lumns  by o t h e r  w o r k e r s  ( 1 ,  5 ,  1 8 ) .
The r o l e  o f  t h e  b r a c t  i n  c o t t o n  b o l l  r o t  d e v e lo p m e n t  h a s  b e e n  
e s t a b l i s h e d  by Luke (12)  and Luke and P i n c k a r d  (1 3 ,  14 ,  1 5 ) .
F u r t h e r  i n v e s t i g a t i o n  o f  t h e  o c c u r r e n c e  o f  v a r i o u s  m i c r o o r g a n i s m s  
on and w i t h i n  b r a c t s  and o f  t h e  d e v e l o p m e n t a l  s t a g e  o f  t h e  b r a c t  a t  
which  t h i s  a s s o c i a t i o n  t a k e s  p l a c e  was b e l i e v e d  n e c e s s a r y .  I f  t h e
2b o l l  p a t h o g e n s  c o u l d  be found w i t h i n  t h e  b r a c t s  d u r i n g  t h e  e a r l y  
s t a g e s  o f  b o l l  d e v e l o p m e n t ,  t h e n  t h i s  would  d e m o n s t r a t e  p o t e n t i a l  
b o l l - r o t  in o c u lu m  t o  be a v a i l a b l e  w hen ev e r  t h e  b o l l  becomes s u s ­
c e p t i b l e .  T h i s  s u s c e p t i b i l i t y  c o u l d  r e s u l t  from n a t u r a l  b o l l  
m a t u r a t i o n  a n d / o r  t h r o u g h  i n s e c t  o r  o t h e r  i n j u i ’y .
The p u r p o s e  o f  t h i s  r e s e a r c h  was t o  d e t e r m i n e  t h e  s p e c i f i c  
d e v e l o p m e n t a l  p r o c e s s  o f  b o l l  m a t u r i t y  i n  r e l a t i o n  t o  t h e  mode o f  
p e n e t r a t i o n  o f  b o l l - r o t t i n g  m i c r o o r g a n i s m s  i n t o  b o l l s  and  t h e i r  
c o l o n i s a t i o n  o f  t h e  t i s s u e s  o f  t h e  b o l l  p e r i c a r p s .  The t im e  i n  b o l l  
d e v e lo p m e n t  when m i c r o b i a l  in o c u lu m ,  f rom b r a c t s  and o t h e r  e x t e r n a l  
s o u r c e s ,  becomes a v a i l a b l e  f o r  b o l l  r o t  was r e p o r t e d .  The c o r r e l a t i o n  
o f  t h e  t im e  and mode o f  b o l l  s u t u r a l  d e h i s c e n c e  w i t h  t h e  p e r i o d  o f  
i n f e c t i o n  o f  t h e  p e r i c a r p  by m i c r o o r g a n i s m s  was d e m o n s t r a t e d  f o r  t h e  
f i r s t  t i m e .
LITERATURE REVIEW 
L i t e r a t u r e  R e l a t e d  t o  B o l l  S u t u r e  Anatomy and D e h i s c e n c e
The c o t t o n  b o l l  i s  a  c a p s u l e  w i t h  l o c u l i c i d a l  d e h i s c e n c e  ( s p l i t ­
t i n g  a l o n g  t h e  p l a n e  o f  t h e  d o r s a l  s u t u r e  o f  e a c h  c a r p e l ) .  The t ime 
o f  d e h i s c e n c e  d ep en d s  on v a r i e t a l  d i f f e r e n c e s ,  d a t e s  o f  b lo o m in g ,  
s o i l  f e r t i l i t y ,  and v a r y i n g  c l i m a t i c  c o n d i t i o n s — such  as  s o i l  m o i s t u r e ,  
r e l a t i v e  h u m i d i t y ,  and o t h e r  f a c t o r s .
B o l l  m a t u r a t i o n ,  f o r  t h e  p u r p o s e  o f  t h i s  s t u d y ,  w i l l  mean t h e  
i n t e r v a l  b e tw e e n  f l o w e r  o p e n in g  and f r u i t  d e h i s c e n c e .  C o t t o n  b o l l s  
a r e  c o n s i d e r e d  d e h i s c e d  when b o t h  t h e  i n t e r n a l  and e x t e r n a l  s u t u r e s  
a r e  s p l i t  and t h e  f i b e r  i n  t h e  l o c u l e s  i s  f u l l y  e x p o s e d .
The m o s t  c o m p re h e n s iv e  and d e t a i l e d  s t u d i e s  on  t h e  t i s s u e  anatomy 
o f  t h e  b o l l  s u t u r e ,  and e s p e c i a l l y  t h e  d e v e l o p m e n t a l  m orpho logy  o f  
t h o s e  t i s s u e s  i n v o l v e d  i n  d e h i s c e n c e ,  were  p r e s e n t e d  by  Baranov  aiid 
M a l t z e v  ( 4 ) ,  De Coene ( 7 ) ,  Gubanob ( 8 ) ,  and J o s h i  e t  a l  ( 1 1 ) .
A c c o r d in g  t o  t h e s e  w o r k e r s ,  th e  d o r s a l  s u t u r e ,  when s e e n  i n  c r o s s -  
s e c t i o n ,  i s  l o c a t e d  i n  t h e  c e n t e r  o f  t h e  p e r i c a r p  b e tw e e n  two p a r t i -  
t i o n a l  c a r p e l  w a l l s .  The t i s s u e s  w h ich  c o m p r i s e  t h e  d o r s a l  s u t u r e  
a r e  t h e  e p i d e r m a l  parenchym a a t  t h e  o u t e r  l i m i t s  o f  t h e  s u t u r e ,  t h e  
t h i n - w a l l e d  parenchym a o f  t h e  c e n t e r  o f  t h e  s u t u r e  w h ich  a r e  t o r n  
a p a r t  d u r i n g  d e h i s c e n c e , and t h e  t a n n i n - f i l l e d  parenchyma w hich  b o r d e r  
t h e  c e n t r a l  pa renchym a from th e  e p i d e r m a l  c e l l s  t o  t h e  l o c u l e .
R a d i a l  s c l e r e n c h y m a  b u n d l e s  a r e  a s s o c i a t e d  w i t h  t h e  d o r s a l  s u t u r e  
f rom t h e  e p i d e r m a l  l a y e r s  t o  t h e  m i d d l e  o f  t h e  m e s o c a r p .  L a rg e  c o n ­
c e n t r a t i o n s  o f  s c l e r e n c h y m a  f i b e r s  c o n t i n u e  from th e  m i d p o i n t  o f  t h e  
m e so c a rp  a l o n g  b o t h  s i d e s  o f  the  s u t u r e  t o  t h e  s c l e r o t i z e d  e n d o c a r p .
C o t t o n  b o l l  d e h i s c e n c e  h a s  l o n g  b e e n  o b s e r v e d .  The t i s s u e s  i n ­
v o l v e d  i n  s u t u r a l  s p l i t t i n g  and t h e i r  change  i n  m orphology  have  b e e n  
d e s c r i b e d  ( 4 ,  7 ,  8 ) .
Gubanob (8 )  assumed t h a t  t h e  number and a r r a n g e m e n t  o f  t h e  s c l e ­
renchyma b u n d l e s  b o r d e r i n g  t h e  d o r s a l  s u t u r e  h a d  s o m e th in g  t o  do w i t h  
t h e  d e h i s c e n c e  o f  t h e  b o l l .
A c o n s t a n t  m o i s t u r e  l o s s  o c c u r s  f rom t h e  p e r i c a r p  t i s s u e s  t h r o u g h  
t h e  s t o m a t a  as t h e  b o l l  m a t u r e s ,  r e s u l t i n g  i n  i n c r e a s e d  d r y i n g  o f  
i n t e r n a l  b o l l  p a r t s .
E v i d e n c e  was found  by o t h e r  w o r k e r s  (4)  t h a t  t h e  a r r a n g e m e n t  o f  
t h e  s c l e r e n c h y m a  b u n d l e s  and t h e i r  d r y i n g  l e d  t o  p r o g r e s s i v e  c o n t r a c ­
t i o n s  o f  t h e  c e l l s  a t  t h e  p e r i c a r p  p e r i p h e r y .  T h i s  r e s u l t e d  i n  t h e  
t u r n i n g  o u t  o f  th e  d e h i s c i n g  c a r p e l  w a l l s  and e x p o s u r e  o f  t h e  f i b e r  
ixi t h e  l o c k s .
The t h i n - w a l l e d  parenchym a c e l l s  w h ich  c o n s t i t u t e  t h e  c e n t e r  o f  
t h e  d o r s a l  s u t u r e  were  n o t  m e n t io n e d  a s  b e i n g  d i r e c t l y  i n v o l v e d  i n  
b o l l  d e h i s c e n c e .  A p p a r e n t l y  t h e y  were  c o n s i d e r e d  a s  h a v i n g  a p a s s i v e  
r o l e  and were s p l i t  a p a r t  f rom t h e  f o r c e  e x e r t e d  by t h e  c o n t r a c t i n g  
and t w i s t i n g  s c l e r e n c h y m a  f i b e r s  as. t h e y  gave  up m o i s t u r e .  Whi le  
s t u d y i n g  th e  l i n e  d r a w in g s  and p l a t e s  o f  t h e s e  w o r k e r s  ( 4 ,  7 ,  8 ,  11) 
d e p i c t i n g  t h e  t i s s u e s  o f  t h e  d o r s a l  s u t u r e ,  i t  was n o t e d  t h a t  t h e  
m a t u r e  b o l l  s u t u r e s  p i c t u r e d  e x h i b i t e d  no e v i d e n c e  o f  i n i t i a l  
d e h i s c e n c e .
Methods o f  B o l l  P e n e t r a t i o n  by M ic r o o r g a n i s m s
R o l l  r o t  h a s  b een  r e c o g n i z e d  s i n c e  th e  mid 1 8 0 0 ' s  a s  a  m a jo r  
p ro b lem  i n  c o t t o n  p r o d u c t i o n  i n  th e  U n i t e d  S t a t e s .  The b o l l  r o t
s t u d i e s  from th e  1 8 5 0 ' s  t o  t h e  mid 1 9 6 0 ' s  were  d i r e c t e d  t o  t h e  c a u s e s  
o f  b o l l  r o t ,  d e s c r i p t i o n s  o f  t h e  m i c r o o r g a n i s m s  and t h e  d i s e a s e ,  
v a r i o u s  methods  t o  c o n t r o l  b o l l  r o t ,  and r e p o r t s  on y i e l d s  a f f e c t e d  
by b o l l  r o t .  Very l i t t l e  c o n c e r n  was g i v e n  t o  t h e  complex  r e l a t i o n ­
s h i p  o f  t h e  d i s e a s e - c a u s i n g  m i c r o o r g a n i s m s  t o  t h e i r  h o s t .
I n t e n s i v e  work  on t h e  modes o f  i n f e c t i o n  by b o l l - r o t t i n g  m i c r o ­
o r g a n i s m s  o f  c o t t o n  h a s  b e e n  o b s e r v e d  o n l y  s i n c e  1964.
The s t u d i e s  o f  Luke and P i n c k a r d  (13)  and Luke ( 1 2 ) ,  i n  1964 and 
1965,  r e s p e c t i v e l y ,  were  t h e  f i r s t  o r g a n i z e d  a t t e m p t s  a t  d e t e r m i n i n g  
t h e  r e l a t i o n s h i p  o f  t h e  b o l l - r o t t i n g  o r g a n i s m s  w i t h  t h e  d i s e a s e d  h o s t  
( b o l l s ) .  These  w o r k e r s  e s t a b l i s h e d  f o r  t h e  f i r s t  t i m e  t h a t  i n f e c t e d  
b r a c t s  were  a p r i m a r y  s o u r c e  o f  b o l l - r o t  in o c u lu m  and t h a t  t h e s e  b r a c t s  
p r e d i s p o s e d  t h e  b o l l s  t o  i n f e c t i o n .  I t  was found t h a t  rem ov ing  t h e  
b r a c t s  from f i e l d  b o l l s  c a u s e d  a  marked r e d u c t i o n  i n  b o i l  r o t .  T h i s  
work  l e d  t o  t h e  c o n c l u s i o n s  t h a t  t h e  f l o r a l  b r a c t  was a u s e l e s s  
appendage  and a m a j o r  c o n t r i b u t o r  t o  b o l l  de c a y  (1 4 ,  1 5 ) .  F o l l o w i n g  
t h e  work o f  Luke and P i n c k a r d  ( 1 3 ,  1 4 ) ,  o t h e r  r e s e a r c h e r s  h a v e  a l s o  
i s o l a t e d  m i c r o b i a l  g ro w th  f rom w i t h i n  s u r f a c e  s t e r i l i z e d  f i e l d  b r a c t s  
( 6 ,  9 ) .
I n  work w i t h  t h e  b o l l - r o t t i n g  o rg a n i s m  P e l l . i c u l a r l a  f i l a m e n t o s a  
( P a t . )  R o g e r s ,  P i n c k a r d  and Luke (16) found  t h a t  t h e  f u n g u s  d i r e c t l y  
p e n e t r a t e d  t h e  b r a c t s  n e a r  t h e  b a s e  o f  t h e  b o l l ,  e n t e r e d  t h e  b a s e  o f  
t h e  b o l l  t h r o u g h  t h e  c a r p e l  w a l l s  and i n t o  t h e  p l a c e n t a l  co lu m n s ,  
c a u s i n g  b o l l  d e c a y .
C a u q u i l  and Ranney ( 5 ) , .  w o rk in g  on p a t h o g e n i c i t y  s t u d i e s  o f  7 
s e c o n d a r y  r o t  o r g a n i s m s ,  s e l e c t e d  f i e l d  b o l l s  aged 5 t o  7 w eeks .
The b o l l s  were  s u r f a c e  s t e r i l i z e d  and i n o c u l a t e d ,  e i t h e r  by c o n t a c t  
w i t h  t h e  m id d le  o f  t h e  v a l v e ,  c o n t a c t  on t h e  b o l l  a p e x ,  o r  by p u n c t u r e  
i n o c u l a t i o n  o f  t h e  b o l l ,  t o  show t h e  p r i m a r y  modes o f  e n t r y .  They 
c o n c l u d e d  t h a t  t h e  mos t  i m p o r t a n t  av e n u e s  o f  i n f e c t i o n  a r e  t h r o u g h  
t h e  a p i c e s  o f  t h e  v a l v e s ,  t h e  s u t u r e s  o f  t h e  v a l v e s ,  and d i r e c t l y  
t h r o u g h  th e  c a r p e l  w a l l .
1 “ .
A f u r t h e r  s t u d y  by t h e s e  w o r k e r s  (5)  d e a l i n g  w i t h  o r g a n i s m s  found  
w i t h i n  a p p a r e n t l y  h e a l t h y  c o t t o n  b o l l s ,  r e v e a l e d  a d d i t i o n a l  p o i n t s  o f  
e n t r y  i n t o  t h e  b o l l  by m i c r o o r g a n i s m s .  They e x c i s e d  and s u r f a c e  
s t e r i l i z e d  100 f i e l d  b o l l s  5 t o  7 weeks o f  a g e .  I s o l a t i o n s  were  made 
from t h e  b o l l  a p i c e s ,  p l a c e n t a e ,  p e d u n c l e s ,  i n s e c t  c a l l u s e s ,  r o t t e d  
s e e d ,  c a l y x  p i t s ,  and n e c t a r i e s .  They found  t h a t  t h e  p r i m a r y  a r e a s  
o f  e n t r y  i n t o  b o l l s  were  t h e  apex  o f  t h e  b o l l  and s u t u r a l  l e a k s ,  
n e c t a r i a l  p e n e t r a t i o n ,  and p e d i c e l l a r  i n f e c t i o n .  A l th o u g h  th e  t e rm  
" d i r e c t  p e n e t r a t i o n "  was u s e d  i n  t h i s  work  ( 5 ) ,  a d e s c r i p t i o n  o f  t h e  
a c t u a l  p r o c e s s  o f  i n f e c t i o n  was n o t  i n c l u d e d ,  n o r  i s o l a t i o n s  made,  
f rom t h e  p e r i c a r p  t i s s u e .
F u n g a l  i n v a s i o n  o f  a p p a r e n t l y  h e a l t h y  f i e l d  b o l l s  was r e p o r t e d  
by R o n c a d o r i  ( 1 7 ) .  The s t u d y  o f  s u c c e s s i o n  o f  f u n g a l  g ro w th  w i t h i n  
t h e  r e c e p t a c l e ,  b o l l  a p e x ,  and l o c u l e  o f  f i e l d  b o l l s  r e v e a l e d  t h a t  
G l o m e r e l l a  g o s s y p i i  (S o u th w o r th )  Edg.  c o l o n i z e d  th e  apex  m os t  f r e ­
q u e n t l y ,  w h e re a s  A sc o c h y ta  s p . ,  F u s a r iu m  s p . ,  and G l i o c l a d i u m  s p . ,  
were  a s s o c i a t e d  w i t h  t h e  r e c e p t a c l e .  A l t e r n a r i a  s p .  i n v a d e d  b o t h  
apex  and r e c e p t a c l e - .  The a g e s  o f  t h e  f i e l d  b o l l s  s e l e c t e d  were  n o t  
s t a t e d ,  a l t h o u g h  f u n g i  w ere  i s o l a t e d  from t h e  lo c u l . e s  o f  more t h a n  
30 p e r c e n t  o f  th e  i n t a c t ,  n o n -d e c a y e d  b o l l s .
A p p a r e n t l y  h e a l t h y  g r e e n  b o l l s  6 -7  weeks o f  age were  s e l e c t e d  
by Bagga and Ranney ( 2 ) ,  t o  d e t e r m i n e  t h e  b o l l - r o t  p o t e n t i a l ,  
o r g a n i s m s  i n v o l v e d ,  and a c t u a l  b o l l  r o t  p r e s e n t  a t  t h e  D e l t a  Branch  
o f  t h e  M i s s i s s i p p i  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n  i n  1967.  They 
s u r f a c e  s t e r i l i s e d  120 e x c i s e d  b o l l s  f o r  e a c h  o f  7 c o t t o n  v a r i e t i e s  
and i n c u b a t e d  t h e  b o l l s  i n  j a r s  u n t i l  b o l l  r o t  a p p e a r e d .  I s o l a t i o n s  
and i d e n t i f i c a t i o n s  were  made o f  t h e  m i c r o o r g a n i s m s  found  on  th e  
b o l l  s u r f a c e ,  and t h e  r e s u l t s  showed 447o o f  t h e  a p p a r e n t l y  h e a l t h y  
b o l l s  were  i n t e r n a l l y  i n f e c t e d .
R o n c a d o r i  ( 1 8 ) ,  w o r k in g  on t h e  a s s o c i a t i o n  o f  b o l l - r o t  p a t h o g e n s  
w i t h  d e v e l o p i n g  b o l l s ,  s t a t e d  t h a t  among t h e  many m i c r o o r g a n i s m s  
i s o l a t e d  A l t e r n a r i a  s p .  was t h e  most  u b i q u i t o u s  fu n g u s  found  from 
t h e  f i r s t  week t h r o u g h  b o l l  d e v e l o p m e n t .  T h i s  was i n  a g re e m e n t  w i t h  
o t h e r  w o r k e r s  ( 1 ,  2 ,  5 ) .  The p r i m a r y  s i t e s  o f  b o l l  i n f e c t i o n  found  
by R o n c a d o r i  w e re  t h e  b o l l  a p e x ,  p e d u n c l e  and l o c k s .  I t  was n o t e d  
t h a t  i s o l a t i o n s  were  made f rom c a r p e l  w a l l  t i s s u e  o n ly  when l e s i o n s  
were p r e s e n t .
Luke. ( 1 2 ) ,  and Luke and P i n c k a r d  ( 1 4 ,  15) o b s e r v e d  t h a t  i f  t h e  
b r a c t s  o f  b o l l s  a p p r o a c h i n g  m a t u r i t y  were  removed a s e p t i c a l l y ,  t h e  
u n i n j u r e d  b o l l s  d i d  n o t  r o t .  They r e p o r t e d  c a l l u s  t i s s u e  f o r m a t i o n  
on t h e  c u t  s u r f a c e s  o f  many b o l l s  a f t e r  6 t o  7 d a y s  o f  i n c u b a t i o n .  
They c o n c lu d e d  t h a t  i n t e r n a l ,  l a t e n t ,  o r  s y s t e m i c  i n f e c t i o n  o f  u n i n ­
j u r e d  f i e l d  b o l l s  p r i o r  t o  d e h i s c e n c e  i s  n o n - e x i s t e n t  o r  r a r e .
I n  a s t u d y  o f  t h e  m i c r o f l o r a  o f  c o t t o n  b o l l s  i n  L o u i s i a n a ,  
G u id roz  and P i n c k a r d  (9)  made c o l l e c t i o n s  o f  b o l l s  ’' t h r e e - q u a r t e r s  
grown” d u r i n g  t h e  1967 c o t t o n  s e a s o n .  Each sample  c o n s i s t e d  o f
20-25  b o l l s  from v a r i o u s  f i e l d s  t h r o u g h o u t  L o u i s i a n a .  I s o l a t i o n s  were 
made f rom t h e  b r a c t s ,  n e c t a r i e s ,  b o l l  a p i c e s ,  and p l a c e n t a l  co lumns 
and t h e  m i c r o o r g a n i s m s  i d e n t i f i e d .  T h e i r  r e s u l t s  showed t h a t  no 
m i c r o o r g a n i s m s  were  found i n  t h e  p l a c e n t a l  columns  o f  b o l l s  u n t i l  
v e r y  n e a r  t h e  t im e  o f  b o l l  s p l i t t i n g .  C a l l u s  t i s s u e  f o r m a t i o n  was 
o b s e r v e d  on many o f  t h e  b o l l s  h e l d  i n  s t e r i l e  i n c u b a t i o n  ch am b ers .  
S i m i l a r  o b s e r v a t i o n s  w ere  r e p o r t e d  by P i n c k a r d  and Luke ( 1 6 ) ,  i n  which  
t h e y  i s o l a t e d  from t h e  p l a c e n t a l  co lumns  o f  h u n d r e d s  o f  b o l l s  t a k e n  
from a s t a t e  s u r v e y  and f a i l e d  t o  f i n d  m i c r o o r g a n i s m s  w i t h i n  a p p a r e n t l y  
h e a l t h y  unopened  g r e e n  b o l l s .  I n  t h i s  same s t u d y  i t  was found t h a t  
m i c r o s c o p i c  s u t u r a l  s p l i t s  o c c u r r e d  i n  f i e l d  b o l l s  3 5 -4 0  d ays  o f  age .  
T hese  o p e n i n g s  were  c o n s i d e r e d  a s  p r im e  e n t r y  s i t e s  f o r  s u r f a c e  
i n h a b i t i n g  m i c r o o r g a n i s m s .
The f i n d i n g s  o f  t h e s e  w o r k e r s  ( 9 ,  12 ,  14 ,  15,  16) a r e  n o t  c o n ­
s i s t e n t  w i t h  t h o s e  o f  Bagga and Ranney ( 1 ,  2 ) ,  C a u q u i l  and Ranney ( 5 ) ,  
and R o n c a d o r i  ( 1 7 ,  1 8 ) .  Reasons  f o r  t h e  i n c o n s i s t e n c y  o f  t h e i r  r e ­
p o r t s  i n  t h e  l i t e r a t u r e  a r e  n o t  p r e s e n t l y  known.
A r e v i e w  o f  t h e  l i t e r a t u r e  on  b o l ' l  p e n e t r a t i o n  and t h e  " b o l l -  
r o t  complex"  i n d i c a t e s  t h a t  m os t  w o r k e r s  have  o v e r l o o k e d  t h e  t im e  o f  
i n i t i a l  b o l l  d e h i s c e n c e  and i t s  r e l a t i o n s h i p  t o  b o l l  i n f e c t i o n  ( 1 ,  2,
3 ,  5 ,  9 ,  12 ,  13 ,  14 ,  16 ,  17 ,  1 8 ) .
S e v e r a l  r e s e a r c h e r s  ( 1 ,  2 ,  3 ,  5 ,  17 ,  18) a p p a r e n t l y  d i d  n o t
c o n s i d e r  m i c r o b i a l  p e n e t r a t i o n  and g ro w th  w i t h i n  t h e  m a jo r  p o r t i o n
o f  t h e  p e r i c a r p  b e tw e e n  t h e  apex  and b a s e  o f  t h e  b o l l  o f  any im p o r ­
t a n c e .  D e t a i l e d  m i c r o s c o p i c  e v i d e n c e  o f  a c t u a l  i n v a s i o n  o f  p r im a r y  
p o i n t s  o f  b o l l  e n t r y  h a s  n o t  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e .
9I n  1968 D e lgado  ( 6 ) ,  w o rk in g  on t h e  p a t h o l o g y  o f  D i p l o d i a  
g o s s y p i n a  Cke.  i n  r e l a t i o n  t o  b o l l  r o t ,  was t h e  f i r s t  t o  d e m o n s t r a t e  
b o l l  p e n e t r a t i o n  v i a  t h e  s t o m a t a  by a f u n g u s .  A l th o u g h  he  r e p o r t e d  
t h e  o c c u r r e n c e  o f  s t o r n a t a l  p e n e t r a t i o n  n e a r  t h e  t im e  o f  b o l l  d e h i s ­
cen c e  and d i d  n o t  r e p o r t  t h e  t im e  o f  i n i t i a l  b o l l  e n t r y  as  t o  b o l l  
a g e ,  t h i s  was t h e  f i r s t  s t u d y  i n  w h ich  a c t u a l  v i s u a l  p r o o f  o f  b o l l  
s t o r n a t a l  p e n e t r a t i o n  was p r e s e n t e d .  He n o t e d  t h a t  b o l l  s t o m a t a  
p r o b a b l y  p r o v i d e d  t h e  p r i m a r y  mode o f  e n t r y  f o r  many b o l l - r o t t i n g  
o r g a n i s m s .  D e lg ad o  s t a t e d  t h a t  n a t u r a l  o p e n i n g s  o r  c r a c k s  p r o d u c e d  
a s  t h e  b o l l  d e h i s c e d  p r o v i d e d  e n t r y  f o r  s u r f a c e  i n h a b i t i n g  m i c r o ­
o r g a n i s m s  i n t o  t h e  l o c u l e s  o f  t h e  b o l l .
As a r e s u l t  o f  D e l g a d o ' s  work i t  was a p p a r e n t  t h a t  d e t a i l e d  
h i s t o l o g i c a l  r e s e a r c h  on t h e  d e v e l o p i n g  c o t t o n  b o l l  i n  r e l a t i o n  t o  
i n f e c t i o n  was n e e d e d .  P a r t  o f  t h e  o b j e c t i v e  o f  t h i s  r e s e a r c h  was 
t o  p r o v i d e  such  a s t u d y .
MATERIALS AND METHODS
D u r in g  1969 f i e l d  p l o t s  o f  Upland  c o t t o n ,  Gossypium h i r s u t u m  L. 
v a r i e t i e s  !DPL 16 '  and ' S t o n e v i l l e  7A1, were e s t a b l i s h e d  a t  Morrow 
and S t .  J o s e p h ,  L o u i s i a n a ,  r e s p e c t i v e l y .  F u t u r e  b o l l  p o p u l a t i o n s  
were  s e l e c t e d  by t a g g i n g  200 open  w h i t e  b lo s s o m s  a t  a n t h e s i s ,  and 
w e e k ly  f o r  9 weeks a t  e a c h  p l o t  s i t e .  The w h i t e  b lo s s o m  s t a g e  was 
c o n s i d e r e d  t o  be day  1 o f  t h e  i n i t i a t i o n  o f  b o l l  d e v e l o p m e n t .  B r a c t s  
w ere  t a g g e d  a t  t h e  b e g i n n i n g  o f  v e r y  young s q u a r e  f o r m a t i o n  t h r o u g h  
a n t h e s i s .  They were  c o l l e c t e d  f o r  s t u d y  from th e  young s q u a r e  s t a g e  
t h r o u g h  t h e  p e r i o d  o f  b o l l  d e h i s c e n c e .
F i e l d  I n v e s t i g a t i o n s
B o l l  S t u d i e s :
The f i r s t  p a r t  o f  t h e  s t u d y  was d i r e c t e d  to w ard  shewing the  
p rog re s s  o f  b o l l  d e h i s c e n c e .  F i e l d - g r o w n  b o l l s  5 -45  d ay s  o f  age were 
s e l e c t e d  f rom t h e  Morrow p l o t  and f i x e d  i n  f o r m a l i n - a l c o h o l - a c e t i c  
a c i d  (FAA) f o r  m icro tom e s e c t i o n i n g  o f  t h e  e x t e r n a l  s u t u r a l  a r e a .  
T r a n s v e r s e  s e c t i o n s  o f  10-15  m i c ro n s  were  made by  f o l l o w i n g  a s t a n d a r d  
p a r a f f i n  embedding and s t a i n i n g  t e c h n i q u e  p r e s c r i b e d  by J e n s e n  (10) 
and S as s  ( 1 9 ) .  A s e r i e s  o f  p h o t o m i c r o g r a p h s  were  made o f  t h e  e x t e r n a l  
s u t u r a l  ana tom y,  w i t h  i d e n t i f i c a t i o n  o f  t h e  t i s s u e s .
I n  t h e  s econd  p a r t ,  o f  t h e  s t u d y ,  t h e  mode o f  e n t r y  o f  b o l l -  
r o t t i n g  o rg a n i s m s  i n t o  b o l l s  was s t u d i e d  u s i n g  a p p a r e n t l y  h e a l t h y  
f i e l d  b o l l s  5 -45  d a y s  o l d .  Ten b o l l s  were  s e l e c t e d  a t  random f o r  
e a c h  5 d ay s  o f  age from t h e  Morrow p l o t ,  and p a r a d e r m a l  s e c t i o n s  were
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made o f  t h e  e x t e r i o r  o f  t h e s e  by f r e e z i n g  t h e  e n t i r e  b o l l s  ( d r y )  f o r  
36 h o u r s  a t  10° F ,  t h e n  p l a c i n g  them i n  w a t e r  a t  140° F f o r  1 -2  h o u r s .  
The c u t i c l e ,  e p i d e r m i s  and f i r s t  l a y e r  o f  s u b e p i d e r m a l  c e l l s  were  
p e e l e d  f rom t h e  c a r p e l  w a l l ,  p l a c e d  on a m i c r o s c o p e  s l i d e ,  c u t i c l e  
s i d e  u p ,  s t a i n e d  w i t h  V% s a f r a n i n ,  and c o v e r e d  w i t h  a  c o v e r  s l i p .
T r a n s v e r s e  s e c t i o n s  o f  t h e  e n t i r e  p e r i c a r p  w ere  a l s o  made f rom 
a p p a r e n t l y  h e a l t h y  Morrow b o l l s  o f  5 -45  d a y s  o f  a g e ,  u s i n g  t h e  p r e ­
v i o u s l y  m e n t io n e d  t e c h n i q u e s  f o r  m ic ro tom e  s e c t i o n i n g .  Ten b o l l s  
were  s e l e c t e d  a t  random f o r  e a c h  5 - d a y  age i n c r e m e n t .  A s e r i e s  o f  
p h o t o m i c r o g r a p h s  were  made o f  t h e  s e c t i o n s .  P r i o r  t o  s e c t i o n i n g ,  
i s o l a t i o n s  o f  m i c r o o r g a n i s m s  w ere  made f rom t h e  i n t e r n a l  t i s s u e s  o f  
t h e  i n d i v i d u a l  p e r i c a r p s  and l a t e r  compared  w i t h  any m i c r o o r g a n i s m s  
found  i n  t h e  s t a i n e d  s e c t i o n s .  The i s o l a t i o n s  w ere  p l a t e d  on s t e r i l e  
2% w a t e r  a g a r  and i n c u b a t e d  a t  room t e m p e r a t u r e  f o r  i d e n t i f i c a t i o n  
o f  any m i c r o o r g a n i s m s  fo u n d .
Ten a p p a r e n t l y  h e a l t h y  b o l l s ,  d i f f e r i n g  i n  age by i n c r e m e n t s  
o f  5 - d a y  i n t e r v a l s  f rom 5-50  d a y s ,  were  a l s o  s e l e c t e d  a t  random from 
b o t h  Morrow and S t .  J o s e p h  p l o t s  f o r  a d d i t i o n a l  s t u d y .  The b r a c t s ,  
s e p a l s ,  and p e d u n c l e s  were  removed ,  and t h e  b o l l s  were  s u r f a c e  s t e r i ­
l i z e d  i n  a 95% e t h y l  a l c o h o l  d i p  f o l l o w e d  by  s o a k i n g  i n  a 10% C lo ro x  
(5.25% sodium h y p o c h l o r i t e )  s o l u t i o n  f o r  15 m in .  The b o l l s  were  t h e n  
r i n s e d  i n  s t e r i l e  w a t e r  and p l a c e d ,  one b o l l  p e r  b o t t l e ,  i n  s t e r i l e ,
80 m l ,  c apped  and l a b e l e d  spec im en  b o t t l e s  c o n t a i n i n g  m o i s t  f i l t e r  
p a p e r .  The b r a c t s  and s e p a l s  were  removed f rom a  s i m i l a r l y  s e l e c t e d  
l o t  o f  b o l l s ;  h o w ev e r ,  t h e  p e d u n c l e s  were  n o t  removed t o  a v o i d  i n t r o ­
d u c i n g  s u r f a c e  m i c r o o r g a n i s m s  m e c h a n i c a l l y  i n t o  t h e  i n t e r i o r  o f
t h e  b o l l .  Both  t h e  s t e r i l e  and n o n - s t e r i l e  g r o u p s  w ere  i n c u b a t e d  
a t  room t e m p e r a t u r e  f o r  75 d a y s ,  and o b s e r v a t i o n s  o f  m i c r o b i a l  g row th  
were  r e c o r d e d  a t  5 - d a y  i n t e r v a l s .  A f t e r  f i n a l  o b s e r v a t i o n s ,  i s o l a ­
t i o n s  and i d e n t i f i c a t i o n  o f  t h e  m i c r o o r g a n i s m s  were  u n d e r t a k e n .
B r a c t  S t u d i e s :
The s t u d y  o f  t h e  a s s o c i a t i o n  and o c c u r r e n c e  o f  m i c r o o r g a n i s m s  
w i t h  f i e l d  b r a c t s  c o n s i s t e d  o f  s e l e c t i n g ,  a t  random,  b r a c t s  d i f f e r i n g  
i n  age by  i n c r e m e n t s  o f  5 d a y s  from t h e  t im e  t h e y  f i r s t  a p p e a r e d  on 
s q u a r e s  and on th r o u g h  d e h i s c e n c e  o f  t h e  b o l l s .  The b r a c t s  were  t a k e n  
from b o t h  t h e  Morrow and S t ,  J o s e p h  p l o t s .  I s o l a t i o n s  o f  m i c r o ­
o rg a n i s m s  were  made f rom tw e n ty  a p p a r e n t l y  h e a l t h y  f i e l d  b r a c t s  c o l ­
l e c t e d  f o r  e a c h  age i n t e r v a l .  To s t e r i l i z e  t h e i r  s u r f a c e s ,  c o m p le te  
b r a c t s  were  p l a c e d  by i n d i v i d u a l  age g r o u p s  i n  p e t r i  d i s h e s  c o n t a i n i n g  
95% e t h y l  a l c o h o l  f o r  1 - 2  m i n ,  and removed t o  p e t r i  d i s h e s  c o n t a i n i n g  
a s o l u t i o n  o f  1 :1000  m e r c u r i c  c h l o r i d e  f o r  30 m in .  The b r a c t s  w ere  
r i n s e d  i n  s t e r i l e  w a t e r  f o r  10 m in ,  and s e c t i o n s  were  t a k e n  a s e p t i c a l l y  
from t h e  a p e x ,  m i d d l e ,  and b a s e  o f  eac h  b r a c t  and p l a t e d  on  2% w a t e r  
a g a r ,  i n c u b a t e d  a t  room t e m p e r a t u r e ,  and o b s e r v e d  p e r i o d i c a l l y .  
R e c o r d i n g s  were  made o f  m i c r o b i a l  g rowth  from t h e  b r a c t  s e c t i o n s .  
I d e n t i f i c a t i o n  o f  m os t  o f  t h e  m i c r o o r g a n i s m s  r e c o v e r e d  w ere  made from 
t h e s e  i s o l a t e s .
P a r a f f i n  embedded,  p a r a d e r m a l  and t r a n s v e r s e  s e c t i o n s  em ploy ing  
t h e  J e n s e n - S a s s  t e c h n i q u e s  were  made o f  b r a c t s  on b o l l s  5 - 4 5  d ays  
o f  age from t h e  Morrow p l o t .  F i v e  b r a c t s  were  c h o s e n  a t  random f o r  
t h e  n i n e  age l o t s ,  d i f f e r i n g  by i n c r e m e n t s  o f  5 d a y s ,  t o  s t u d y  t h e
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p r o g r e s s i v e  d e v e lo p m e n t  o f  hyphae  t h r o u g h  t h e  t i s s u e s .  P h o t o m i c r o ­
g r a p h s ,  o f  b r a c t s  showing  hyphae  w i t h i n  them,  were  made.
G reenhouse  I n v e s t i g a t i o n s
The p l a n t s  were  grown i n  bench  b e d s  a t  L o u i s i a n a  S t a t e  U n i v e r s i t y  
C o t t o n  D i s e a s e  L a b o r a t o r y  u s i n g  t h e  c o t t o n  v a r i e t y  'DPL 1 6 ' .  The age 
o f  t h e  b o l l s  and b r a c t s  was d e t e r m i n e d  by  e m p lo y in g  t h e  same t a g g i n g  
t e c h n i q u e  u s e d  f o r  t h e  f i e l d  grown b o l l s .
B o l l  S t u d i e s :
To s t u d y  t h e  mode o f  e n t r y  o f  D i p l o d i a  g o s s y p i n a  Cke.  i n t o  c o t t o n  
b o l l s ,  4 g r e e n h o u s e  grown b o l l s  f o r  e a c h  o f  12 l e t s ,  d i f f e r i n g  i n  age 
by i n c r e m e n t s  o f  5 d a y s  from 5 -6 0  d a y s ,  were  s u r f a c e  i n o c u l a t e d  w i t h  
s p o r e  s u s p e n s i o n s .  To r e d u c e  d r y i n g ,  t h e  p l a n t s  and b o l l s  w ere  k e p t  
a t  a h i g h  m o i s t u r e  l e v e l  by an o v e r h e a d  w a t e r  m i s t  f o r  8 d a y l i g h t  
h o u r s .  A g e n t l e  f l o w  o f  s t e a m  was i n t r o d u c e d  i n t o  t h e  h o u s e  d u r i n g  
t h e  n i g h t  and t h e  m o i s t u r e  c o n d e n s e d  on t h e  l e a v e s  t o  form dew. The 
i n o c u l a t e d  b o l l s  were removed a t  t h e  end o f  5 d a y s  and 2 o f  4 b o l l s  
f o r  e ac h  age g ro u p  w ere  p l a c e d  i n  a  f r e e z e r  ( d r y )  a t  10°  F f o r  36 
h o u r s .  The r e m a i n i n g  b o l l s  o f  v a r y i n g  a g e s  were  f i x e d  i n  FAA and 
l a t e r  t h e  p e r i c a r p s  were  s e c t i o n e d  and s t a i n e d  u s i n g  t h e  J e n s e n - S a s s  
t e c h n i q u e s  t o  o b t a i n  p e rm a n e n t  s l i d e s .  The f r o z e n  b o l l s  w ere  thawed 
by p l a c i n g  i n  w a t e r  f o r  1 -2  h o u r s  a t  140°  F .  E p i d e r m a l  s t r i p s  were  
t h e n  e a s i l y  removed from t h e  e x t e r i o r  o f  t h e  b o l l  w a l l .  The t i s s u e s  
were  p l a c e d ,  c u t i c l e  s i d e  u p ,  on m i c r o s c o p e  s l i d e s ,  s t a i n e d  w i t h  1% 
s a f r a n i n  and c o v e r  s l i p s  ad d ed .  P h o t o m i c r o g r a p h s  were  t a k e n  o f  
- m a t e r i a l  which  showed hyphae  w i t h i n  o r  e n t e r i n g  t h e  b o l l s .
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B r a c t  S t u d i e s :
The mode o f  e n t r y  and c o l o n i z a t i o n  o f  b r a c t s  by D. g o s s y p l n a  
was d e t e r m i n e d .  S pore  s u s p e n s i o n s  w ere  a p p l i e d  o n l y  once  t o  known 
age b r a c t s  a s  t h e y  f i r s t  a p p e a r e d  on s q u a r e s  and b o l l s  t h r o u g h  
d e h i s c e n c e  a t  5 - d a y  i n t e r v a l s  and m a i n t a i n e d  i n  t h e  humid g r e e n h o u s e .  
A f t e r  f i v e  d a y s ,  4 i n o c u l a t e d  b r a c t s  o f  e a c h  age i n t e r v a l  w ere  removed 
and s u r f a c e  s t e r i l i z e d .  They w ere  t h e n  c u t  i n t o  a p e x ,  m i d d l e ,  and 
b a s e  p o r t i o n s  u s i n g  a s e p t i c  m e th o d s .  T hese  s e c t i o n s  were  p l a c e d  on 
2% w a t e r  a g a r  and a l lo w e d  t o  i n c u b a t e  a t  room t e m p e r a t u r e  u n t i l  f u n g a l  
g ro w th  d e v e l o p e d .  R e c o r d s  w e re  k e p t  o f  t h e  l o c a t i o n  on t h e  b r a c t s  
f rom w h ich  t h e  hyphae  were  g r o w in g .  I t  was assumed t h a t  t h e  l o c a t i o n  
o f  g row th  w i t h  r e s p e c t  t o  age wou ld  i n d i c a t e  t h e  p r o g r e s s i o n  o f  t h e  
fu n g u s  w i t h i n  t h e  b r a c t  from a g i v e n  p e r i o d  o f  t i m e .
F o r  v i s u a l  p r e s e n c e  o f  t h e  hyphae  w i t h i n  t h e  b r a c t s ,  4 i n o c u l a t e d  
b r a c t s  f rom e a c h  d e v e l o p m e n t a l  s t a g e  a t  5 - d a y  i n t e r v a l s  were  s e l e c t e d  
f o r  p a r a f f i n  embedding and p a r a d e r m a l  and t r a n s v e r s e  s e c t i o n i n g  t o  
o b t a i n  p r e p a r e d  s l i d e s  f o r  e x a m i n a t i o n .  P h o to m i c r o g r a p h s  were  made 
o f  a l l  s l i d e s  showing f u n g a l  g ro w th  w i t h i n  t h e  b r a c t s .
EXPERIMENTAL RESULTS
F i e l d  B o l l  S t u d i e s :
P r o g r e s s i v e  d e h i s c e n c e  o f  f i e l d  b o l l s  was d e m o n s t r a t e d  by 
s e l e c t i n g  b o l l s  5 -45  d a y s  o f  age f o l l o w i n g  a n t h e s i s  f rom t h e  Morrow, 
L o u i s i a n a  f i e l d  p l o t .  The r e g i o n  o f  t h e  c o t t o n  b o l l  i n v e s t i g a t e d  
i n  t h i s  r e s e a r c h  i s  i l l u s t r a t e d  i n  a f r e e - h a n d  s e c t i o n  o f  a  2 0 -d a y  
o l d  b o l l  c a r p e l  ( F i g .  1 ) .
A s t a n d a r d  p a r a f f i n  embedding and s t a i n i n g  t e c h n i q u e  d e s c r i b e d  
by  J e n s e n  (10) and S a s s  (19)  y i e l d e d  c r o s s - s e c t i o n a l  v ie w s  o f  t h e  
t i s s u e s  o f  t h e  p e r i c a r p  c o m p r i s i n g  t h e  e x t e r n a l  s u t u r a l  a r e a  ( F i g s .
1A, 2 ) .  C o n t in u o u s  t i s s u e  m a t u r a t i o n  and c e n t r i p e t a l  and c e n t r i f u g a l  
s u t u r e  d e h i s c e n c e  o f  f i e l d  b o l l s  was o b s e r v e d  a t  5 -d a y  i n t e r v a l s  
( F i g s .  3 - 6 ) .
The f u n d a m e n ta l  t i s s u e s  i n v o l v e d  i n  b o l l  d e h i s c e n c e  were  shown 
u s i n g  a 4 0 - d a y  f i e l d  b o l l  s u t u r e  ( F i g .  2 ) .  A t h i c k ,  u n e v e n  c u t i c l e  
c o v e r e d  two t o  t h r e e  l a y e r s  o f  e p i d e r m a l  and s u b e p i d e r m a l  c e l l s  ( A ) . 
The number o f  c e l l  l a y e r s  and w a l l  t h i c k n e s s  i n c r e a s e d  w i t h  a g e .
The t i s s u e  w h ich  made up t h e  s u t u r a l  l i n e  (B) was o f  t h e  t y p i c a l  t h i n -  
w a l l e d  pa renchym a ty p e  (C) w h ich  e x t e n d e d  u n i n t e r r u p t e d  f rom j u s t  
b e n e a t h  t h e  2 -3  l a y e r e d  e p i d e r m i s  t h r o u g h  t o  t h e  l o c u l e  o f  t h e  b o l l  
( I ) .  The s u t u r a l  l i n e ,  w h ich  was b o r d e r e d  by  t a n n i n - f i l l e d  parenchyma 
c e l l s ,  e x t e n d e d  f rom  th e  e p i d e r m a l  c e l l s  t o  i t s  e n c o u n t e r  w i t h  
d e v e l o p i n g  v e r t i c a l  s c l e r e n c h y m a  f i b e r s  ( F ) . The i n t e r n a l  p o r t i o n  
o f  t h e  s u t u r a l  l i n e  was t e r m i n a t e d  by a c o n t i n u o u s  v e r t i c a l  column 
o f  parenchyma t i s s u e ,  t h e  i n t e r n a l  parenchym a r i d g e ,  w hich  c o n n e c t e d
16
F i g u r e  1.  T r a n s v e r s e  s e c t i o n  o f  20 -d a y  Morrow f i e l d  b o l l  c a r p e l .
(A) e x t e r n a l  s u t u r e ,  (B) i n t e r n a l  parenchyma r i d g e ,
(C) e n d o c a r p ,  (D) i n t e r n a l  s u t u r e .  6X
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A. E p id e rm a l  l a y e r s  w i t h  c u t i c l e
B. S u t u r a l  l i n e
C. Parenchyma t i s s u e  o f  s u t u r e  l i n e  
P.  B r a n c h i n g  v a s c u l a r  r a y
E. V e r t i c a l  v a s c u l a r  t i s s u e
F.  S c le re n c h y m a  f i b e r ’ b u n d le s
G. S c l e r o t i z e d  e n d o c a r p
K. I n t e r n a l  parenchyma r i d g e  
I .  L o c u le
F i g u r e  2.  Anatomy o f  t i s s u e s  i n v o l v e d  i n  c e n t r i f u g a l  d e h i s c e n c e  o f  
c o t t o n  b o l l  c a p s u l e .  50X
U 
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F ig u r e  3.  P r o g r e s s i v e  b o l l  su tu re  d e h i s c e n c e  o f  a 5 -duy f i e l d  b o l l
(upper ,  35X) and a 10 -day f i e l d  b o l l  ( l o w e r ,  !>0X) as
i n d i c a t e d  from w h i te  b lo s som .
F i g u r e  4
19
P r o g r e s s i v e  b o l l  su tu re  d e h i s c e n c e  o f  a 15-day f i e l d  b o l l
(upper ,  35X) axtd a 20-day f i e l d  b o l l  ( lp w er ,  35X) as
i n d i c a t e d  from w h i t e  b lossom .
20
F i g u r e  5 .  P r o g r e s s i v e  b o l l  su tu r e  d e h i s c e n c e  o f  a 25-clay f i e l d  b o l l
(upper ,  35X) and a 30-day f i e l d  b o l l  ( l o w e r ,  35X) as
i n d i c a t e d  from w h i t e  b lo s som .
11
F i g u r e  b.  P rogress ive ,  b o l l  su tu r e  d e h i s c e n c e  o f  a 35-day f i e l d  b o l l
(upper ,  35X) and a 40-d ay  f i e l d  b o l l  ( l o w e r ,  35X) as
i n d i c a t e d  from w h i t e  b lossom .
t h e  apex  o f  t h e  b o l l  w i t h  i t s  b a s e  ( F i g s .  IB ,  211, 7B) . The i n t e r n a l  
parenchyma r i d g e  i n t e r r u p t e d  t h e  a l m o s t  c o m p l e t e l y  s o l i d ,  i n t e r n a l  
s h e e t  o f  h o r i z o n t a l  s c l e r e n c h y m a  f i b e r s  o f  t h e  e n d o c a r p  ( F i g s .  1C,
2G, 7 ) .  The e n d o c a r p  l a y e r  l i n e d  t h e  e n t i r e  b o l l  c a r p e l  f rom th e
e x t e r n a l  s u t u r e  t o  t h e  i n t e r n a l  s u t u r e  ( F i g .  1) and f rom b o l l  apex
t o  b a s e .
D e v e lo p m e n ta l  B o l l  D e h i s c e n c e :
The t i s s u e  c o m p r i s i n g  t h e  s u t u r a l  a r e a  o f  f i e l d  b o l l s  w ere  o b ­
s e r v e d  t o  u n d e r g o  marked  m o r p h o l o g i c a l  c h a n g e s  w i t h  an i n c r e a s e  i n  
b o l l  age ( F i g s ,  3 -6 )  a s  d e s c r i b e d  by  B a ranov  and M a l t z e v  ( 4 ) ,  Gubanob 
( 8 ) ,  De Coene ( 7 ) ,  and J o s h i  e t  a l  ( 1 1 ) .
The t im e  and p o i n t  o f  i n i t i a l  s u t u r a l  d e h i s c e n c e . o f  f i e l d  b o l l s
a r e  r e p o r t e d  h e r e i n  f o r  t h e  f i r s t  t i m e .  D e h i s c e n c e  commenced from 
t h e  10t.h t o  1 5 t h  day  w i t h  t h e  p r o g r e s s i v e  s c h i z o g e n o u s  s e p a r a t i o n  o f  
t h e  s u t u r a l  l i n e  parenchym a l o c a t e d  be tw een  t h e  s c l e r e n c h y m a  f i b e r  
b u n d l e s  ( F i g s .  2C, F ,  8 ) .  S u t u r a l  s p l i t t i n g  p r o c e e d e d  from t h i s  p o i n t  
b o t h  t o  t h e  i n t e r n a l  and e x t e r n a l  l i m i t s  o f  t h e  p e r i c a r p  ( F i g s ,  3 - 6 )  
u n t i l  t h e  4 0 t h - 4 5 t h  day  when d e h i s c e n c e  was c o m p l e t e d .
F i e l d  B o l l  F u n g a l  P e n e t r a t i o n  S t u d i e s ;
A mode o f  e n t r y  o f  b o l l - r o t t i n g  o r g a n i s m s  i n t o  b o l l s  i n  t h e  f i e l d  
was d e t e r m i n e d  by em p lo y in g  v a r i o u s  s e c t i o n i n g  t e c h n i q u e s  t o  o b s e r v e  
f u n g a l  p e n e t r a t i o n  o f  b o l l  c a r p e l  w a l l  t i s s u e s .
P a r a d e r m a l  s e c t i o n s  o f  Morrow b o l l s  5 -45  d a y s  o f  age r e v e a l e d  
a b u n d a n t  m yce l ium  c o v e r i n g  t h e  c u t i c l e  a n d / o r  p e n e t r a t i n g  t h e  b o l l  
e p i d e r m a l  l a y e r s  by  way o f  the  opened  s t o m a t a  ( F i g s .  9 - 1 2 ) .  Most o f
F i g u r e  7.  T e r m i n a t i o n  o f  t h e  s c l a r o t i z e d  e n d o c a r p  (A) a t  t h e  i n t e r n a l  
parenchyma r i d g e  (B) o f  a  1 5 -d a y  f i e l d  b o l l  c a r p e l .  The 
e x t e r n a l  s u t u r e  i s  c o n t i n u o u s  w i t h  t h e  i n t e r n a l  parenchyma 
r i d g e  a s  u n i n t e r r u p t e d  parenchyma t i s s u e  t h r o u g h  t o  t h e  
l o c u l e .  100X
F i g u r e  8 F i f t e e n  day  f i e l d  b o l l  s u t u r e  i n d i c a t i n g  i n i t i a t i o n  o f  
c e n t r i f u g a l  d e h i s c e n c e .  E p i d e r m i s  t o  l e f t .  100X
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F i g u r e  9.  P a r a d e r m a l  s e c t i o n s  o f  f i e l d  b o l l s  a t  5 -d a y  i n t e r v a l s  w i t h  
m y c e l i a  r andom ly  c o v e r i n g  t h e  s u r f a c e  o f  t h e  b o l l s  w i t h  
c l o s e d  s t o m a t a .  Ten day f i e l d  b o l l  s u r f a c e  c o v e r e d  w i t h  
A 1 t e r n a r i a  t e n u i s  Nees  mycelium ( u p p e r ,  43QX) and 15 -day  
f i e l d  b o l l  s u r f a c e  w i t h  mycelium ( l o w e r ,  4 3 0 X ) .
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F i g u r e  10.  P n ra d e rm a l  s e c t i o n s  o f  f i e l d  b o l l s  a t  5 -d a y  i n t e r v a l s
i n d i c a t i n g  i n i t i a l  fu n g a l  p e n e t r a t i o n  o f  t h e  c a r p e l  s t o m a t a  
o f  a 2 0 -day  f i e l d  b o l l  ( u p p e r ,  430X) and f u n g a l  g ro w th  b e ­
n e a t h  t h e  e p i d e r m i s  o f  a 2 5 -day  f i e l d  b o l l  ( l o w e r ,  645X ) .
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F i g u r e  11.  P a r a d e r m a l  s e c t i o n s  o f  f i e l d  b o l l s  a t  5 -d a y  i n t e r v a l s .
Upper shows s u b e p i d e r m a l  f u n g a l  g row th  i n  a 3 0 -d a y  f i e l d  
b o l l  (430X) and lo w er  shows s t o m a t a l  p e n e t r a t i o n  and s u b -  
e p i d e r m a l  g row th  o f  D i p l o d i a  p o s s y p i n a  Cke.  i n  a 3 5 -day  
f i e l d  b o l l  (600X).
F i g u r e  12.  P a r a d e r m a l  s e c t i o n  o f  a 4 0 - d a y  f i e l d  b o l l  showing s t o m a t a l  
p e n e t r a t i o n .  600X
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t h e  f u n g i ,  on o r  w i t h i n  t h e  e p i d e r m a l  s t r i p s ,  wer-e i d e n t i f i e d  by 
p l a c i n g  a p o r t i o n  o f  t h e  same e p i d e r m a l  p e e l  on s t e r i l e  2% w a t e r  a g a r  
f o r  d e v e l o p m e n t  and o b s e r v a t i o n .  I n t e r c e l l u l a r  and i n t r a c e l l u l a r  
hyphae  were  s e e n  c o l o n i z i n g  t h e  e p i d e r m a l  l a y e r s  o f  t h e  b o l l  w a l l  
( F i g s .  10 l o w e r ,  1 1 ) .
Guard c e l l s  o f  t h e  s t o m a t a  were  a l s o  o b s e r v e d  t o  c e a s e  f u n c ­
t i o n i n g  b e tw e e n  t h e  1 5 t h  and 2 0 th  day  o f  b o l l  d e v e l o p m e n t .  At f i r s t  
o n ly  a few s t o m a t a  were s e e n  t o  r e m a i n  open  w i t h  f u n g a l  p e n e t r a t i o n  
f o l l o w i n g  ( F i g .  10 u p p e r ) ,  t h e n  e v e n t u a l l y  m os t  r e m a in e d  open  a s  b o l l  
age i n c r e a s e d .  The c o t t o n  v a r i e t y  'DPL 1 6 1 u s e d  i n  t h i s  s t u d y  p r o ­
duced  15-20  s t o m a t a  p e r  m i c r o s c o p e  f i e l d  when o b s e r v e d  a t  100X.
T r a n s v e r s e  s e c t i o n s  o f  b o l l s  aged  5 -45  d ay s  e x h i b i t e d  h yphae  o f  
v a r i o u s  f u n g a l  s p e c i e s  p e n e t r a t i n g  t h e  s t o m a t a  ( F i g s .  13 ,  14) and 
g row ing  w i t h i n  t h e  e p i d e r m a l  l a y e r s  o f  t h e  b o l l s  ( F i g s .  15 ,  1 6 ) .  
M ic r o o r g a n i s m s  i s o l a t e d  and i d e n t i f i e d  f rom t h e  p e r i c a r p s  o f  t h e s e  
b o l l s  c a n  be  s e e n  i n  Table.  1.
D u r in g  t h e  e a r l y  s t a g e s  o f  b o l l  p e n e t r a t i o n ,  t h e  hyphae  seemed 
c o n f i n e d ’m a i n l y  t o  t h e  f i r s t  and seco n d  l a y e r s  o f  e p i d e r m a l  c e l l s  
( F i g s .  15 ,  16 u p p e r ) .
As t h e  age o f  t h e  b o l l  i n c r e a s e d ,  f u n g a l  g row th  p r o c e e d e d  i n t e r ­
n a l l y  t o  t h e  f i r s t  pa renchym a c e l l s  o f  t h e  m e so ca rp  ( F i g .  16 l o w e r ) .  
M y c e l i a l  g row th  d i d  n o t  seem t o  c o n t i n u e  t h r o u g h  t h e  r e m a i n i n g  meso­
c a r p  t i s s u e  t o  t h e  e n d o c a r p ,  b u t  i n s t e a d ,  n e x t  a p p e a r e d  a t  t h e  s u t u r a l  
r e g i o n  above  t h e  s c l e r e n c h y m a  f i b e r  b u n d l e s  ( F i g .  1 7 ) .  The hyphae 
a p p e a r e d  t o  be r e c e i v i n g  n o u r i s h m e n t  from t h e  s l o u g h e d  parenchyma 
c e l l s  o f  t h e  s u t u r a l  l i n e .  F u n g a l  a c t i v i t y  was c o n f i i \ e d  tc. t h e
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F i g u r e  13 .  T r a n s v e r s e  s e c t i o n  o f  4 0 -d a y  f i e l d  b o l l  e p i d e r m a l  t i s s u e
w i t h  f u n g a l  p e n e t r a t i o n  o f  s to m a .  C u t i c l e  and f i r s t  l a y e r  
o f  e p i d e r m a l  c e l l s  s e p a r a t e d  from r e m a i n i n g  b o l l  w a l l  
t i s s u e .  430X
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F i g u r e  14.  T r a n s v e r s e  s e c t i o n  o f  3 0 -d a y  f i e l d  b o l l  e p i d e r m a l  t i s s u e  
w i t h  fu n g u s  p e n e t r a t i n g  s tom a .  600X
F i g u r e  15.  T r a n s v e r s e  s e c t i o n s  o f  f i e l d  b o l l  e p i d e r m a l  t i s s u e  i n d i ­
c a t i n g  f u n g a l  g ro w th  b e n e a t h  t h e  e p i d e r m i s .  Upper  30 -d ay  
f i e l d  b o l l  i n f e c t e d  w i t h  A 1 f e r n a r i a  t e n u i s  Nees and lo w er  
35 -day  f i e l d  boL.U 430X
F i g u r e  16 .  T r a n s v e r s e  s e c t i o n s  o f  f i e l d  b o l l  e p i d e r m a l  t i s s u e  i n d i ­
c a t i n g  f u n g a l  g row th  b e n e a t h  t h e  e p i d e r m i s .  Upper 3 5 -day  
f i e l d  b o l l  and low er  D i p l o d i a  i n f e c t e d  4 0 - d a y  f i e l d  b o l l .  
430X
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T a b l e  1.  Microorganism!? i s o l a t e d  f rom i n t e r n a l  t i s s u e s  o f  t h e  
p e r i c a r p s  o f  f i e l d  grown b o l l s  o f  s t a t e d  a g e s .  L l
M ic ro o rg a n i s m s  
i s o l a t e d  from Age i n t e r v a l  ( d a y s ) o f  f i e l d b o l l s 1 1
b o l l  p e r i c a r p s 5 10 15 20 25 30 35 40 45
F u s a r iu m  s p . + i l + + +
D i p l o d i a  g o s s y p i n a  
Cke. + + +
F l a v o b a c t e r i u m  s p . + -r + +
U n i d e n t i f i e d  b a c t e r i a + + + +
A l t e r n a r i a  t e n u i s  Nees + + + +
C la d o sp o r iu m  h e rb a ru m  
( P e r s . )  Lk. + +
1 1 B o l l s  c o l l e c t e d  from Morrow, L o u i s i a n a .
/ 2  Ten a p p a r e n t l y  h e a l t h y  f i e l d  b o l l s  s e l e c t e d  f o r  e a c h  age 
i n t e r v a l .
/ 3  I n d i c a t e s  o c c u r r e n c e  o f  th e  o r g a n i s m  w i t h i n  t h e  p e r i c a r p  
t i s s u e .
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F i g u r e  17.  T r a n s v e r s e  s e c t i o n s  o f  d e h i s c i n g  f i e l d  b o l l  s u t u r e s  w i t h  
m y c e l i a  r e c e i v i n g  n o u r i s h m e n t  from t h e  s l o u g h i n g  p a r e n ­
chyma c e l l s  w h ich  c o m p r i s e  t h e  s u t u r a l  a r e a .  Upper 4 0 -d a y  
f i e l d  b o l l  i n f e c t e d  w i t h  F u s a r iu m  fungus  w i t h i n  s u t u r e  
and lo w er  3 5 -d a y  f i e l d  b o l l  i n f e c t e d  w i t h  U i p l o d i a  fu n g u s  
w i t h i n  s u t u r e .  210X
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s u t u r a l  pa renchym a,  f o r  t h e  m os t  p a r t ,  u n t i l  d e h i s c e n c e  o f  t h e  b o l l
*
was a l m o s t  c o m p l e t e .
L o c u le  i n v a s i o n  by t h e  d i f f e r e n t  f u n g a l  s p e c i e s  was s e e n  t o  v a r y  
a s  t o  t h e  l e v e l  o f  p a t h o g e n i c i t y  w h ich  t h e  f u n g u s  p o s s e s s e d .  D i p l o d i a  
g o s s y p i n a  Cke.  e x h i b i t e d  a r e m a r k a b l e  a b i l i t y  t o  i n v a d e  t h e  l o c u l e  
and r o t  t h e  f i b e r  b e f o r e  t h e  s u t u r e  h a d  c o m p l e t e l y  d e h i s c e d  e x t e r ­
n a l l y .  B o l l  f i b e r  i n f e c t e d  w i t h  F u s a r iu m  s p .  beg an  t o  r o t  a s  t h e  
b o l l  d e h i s c e d ;  h o w ev e r ,  A l t e r n a r i a  t e n u i s  Nees  was a b l e  t o  r o t  t h e  
f i b e r  o n ly  a f t e r  t h e  b o l l  was c o m p l e t e l y  d e h i s c e d ,  e x p o s i n g  th e  f i b e r  
w i t h i n .
W e a th e r  E f f e c t s 011 B o l l  M i c r o o r g a n i s m s :
Inocu lum  p o t e n t i a l  i n  t h e  Morrow f i e l d  was q u i t e  h i g h  i n  t h e  
e a r l y  p a r t  o f  b o l l  d e v e lo p m e n t  ( J u l y  15 -A u g u s t  1 ,  1 9 6 9 ) .  T h i s  c o u l d  
be s e e n  a s  many lo w e r  b o l l s  on t h e  p l a n t s  became r o t t e d  b e c a u s e  o f  
D i p l o d i a  and Fu s a r i u m  i n f e c t i o n  and a l s o  t h e  i s o l a t i o n  o f  numerous  
s p e c i e s  o f  o t h e r  s e c o n d a r y  i n v a d e r s  from v a r i o u s  aged  b r a c t s  ( T a b l e s  4 
and 5) .
The h i g h  l e v e l  o f  in o c u lu m  was p r i m a r i l y  c a u s e d  b y  s u f f i c i e n t  
r a i n f a l l ,  o v e r n i g h t  dew f o r m a t i o n  on t h e  p l a n t s  and a d e q u a t e  s u s c e p ­
t i b l e  p l a n t  t i s s u e ,  su ch  a s  b r a c t s ,  l e a v e s ,  and lo w er  b o l l s .  As most  
o f  t h e  b o l l s  began  t o  m a t u r e  how eve r ,  c l i m a t i c  c o n d i t i o n s  ch a n g e d ,  
r e s u l t i n g  i n  a d r i e r  e n v i r o n m e n t .  B o l l  t i s s u e s  m a tu r e d  q u i t e  r a p i d l y  
as  e v i d e n c e d  by th e  m a j o r i t y  o f  t h e  f i e l d  b o l l s  d e h i s c i n g  b e tw ee n  4 0 -  
45 d a y s  ( F i g .  6 ) .
The c o m b i n a t i o n  o f  low r e l a t i v e  h u m i d i t y  w i t h  h i g h  t e m p e r a t u r e s  
d u r i n g  t h e  p e r i o d  o f  m a j o r  b o l l  s e t t i n g  and m a t u r a t i o n  c a u s e d  a
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r e d u c t i o n  o f  i:he s e c o n d a r y  f u n g a l  in o c u lu m  a v a i l a b l e  f o r  b o l l  r o t .  A 
c o m p le te  a b s e n c e  o f  p r i m a r y  b o l l  i n v a d e r s ,  su ch  as  C o l l e t o t r i c h u m  
g o s s y p i i  S o u th w o r th ,  P c l l i c u l a r i a  f i l a m e n t o s a  ( P a t . )  R o g e r s ,  Ph y t o p h - 
t h o r a  p a r a s i t i c a  D a s t .  and o t h e r s ,  was n o t e d .  A l l  o f  t h e  f u n g a l  i s o ­
l a t i o n s  and i d e n t i f i c a t i o n s  i n  t h i s  e n t i r e  s t u d y  f a i l e d  t o  y i e l d  a 
p r i m a r y  b o l l  i n v a d e r ,  w h ich  i s  t o  be  e x p e c t e d  i n  a d r y  e n v i r o n m e n t .
B o l l  Rot  P o t e n t i a l  S t u d y :
L a t e n t  b o l l  d e t e r i o r a t i o n  h a s  b e e n  shown t o  o c c u r  by o t h e r  
w o r k e r s  ( 1 ,  2 ,  5 ,  17 ,  1 8 ) .  V a r i o u s  modes o f  p e n e t r a t i o n  o f  t h e  b o l l  
were  a t t r i b u t e d  t o  m i c r o o r g a n i s m s  e n t e r i n g  t h r o u g h :  b o l l  a p e x ,  l e a k
i n  b o l l  s u t u r e ,  b o l l  b a s e  a t  t h e  r e c e p t a c l e ,  n e c t a r i e s ,  p e d u n c l e ,  
i n s e c t  o r  m e c h a n i c a l  i n j u r y ,  d i r e c t  p e n e t r a t i o n  o f  b o l l  w a l l ,  r e c e p ­
t a c l e  t o  p l a c e n t a ,  and o t h e r s .
I n  t h i s  s t u d y ,  t h e  p r i m a r y  mode o f  e n t r y  i n t o  c o t t o n  b o l l s  x^as 
s e e n  t o  be  t h r o u g h  b o l l  s t o m a t a  a t  some p e r i o d  be tw een  t h e  1 5 th  and 
2 0 th  da}'' o f  b o l l  d e v e lo p m e n t  f rom w h i t e  b lo s s o m .  The c o n f i n e m e n t  
o f  t h e  hyphae  t o  t h e  e p i d e r m a l  a r e a  and i t s  d e l a y e d  d e v e lo p m e n t  i n  
t h e  p e r i c a r p  p e n d i n g  f u r t h e r  b o l l  m a t u r i t y  was c o n s i d e r e d  a s  l a t e n t  
i n f e c t i o n .
To v e r i f y  t h e s e  o b s e r v a t i o n s ,  10 a p p a r e n t l y  h e a l t h y  b o l l s  f o r  
e a c h  5 - d a y  i n t e r v a l  o f  age b e tw e e n  5 -5 0  d a y s  were  s e l e c t e d  a t  random 
from b o t h  t h e  Morrow and S t .  J o s e p h  p l o t s .  A f t e r  r em ova l  o f  b r a c t s ,  
s e p a l s ,  and p e d u n c l e s ,  t h e  b o l l s  were  s u r f a c e  s t e r i l i z e d  by  d i p p i n g  
i n  95% e t h y l  a l c o h o l  t h e n  s o a k e d  i n  10% C lo r o x  f o r  15 m in .  The b o l l s  
were  r i n s e d  i n  s t e r i l e  w a t e r  and p l a c e d  i n  s t e r i l e  spe c im e n  b o t t l e s
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f o r  o b s e r v a t i o n .  A s i m i l a r  l o t  o f  b o l l s  were s e l e c t e d  f o r  a c o n t r o l  
o r  a n o n - t r e a t e d  c o m p a r i s o n .  Both  t h e  s t e r i l e  and n o n - s t e r i l e  g ro u p s  
were  h e l d  a t  room t e m p e r a t u r e  f o r  75 d a y s .
The o c c u r r e n c e  o f  m i c r o b i a l  g ro w th  f rom t h e  b o l l s  was r e c o r d e d  
( F i g s .  18 and 1 9 ) .  I s o l a t i o n s  f rom b o t h  t h e  s t e r i l e  and n o n - s t e r i l e  
b o l l s  were  made and th e  m i c r o o r g a n i s m s  i d e n t i f i e d  i n  T a b l e s  2 and 3 .
S u r f a c e  s t e r i l i z e d  b o l l s ,  w h ic h  s lew ed  f u n g a l  g row th  i n  t h e  b o t ­
t l e s ,  e x h i b i t e d  a d e f i n i t e  i n c r e a s e  i n  r o t t e d  b o l l s  from t h e  1 5 th  day  
o f  d e v e lo p m e n t  t h r o u g h  t o  t h e  5 0 t h  day  a s  s e e n  i n  F i g u r e  18.  B o l l s  
which  were  n o t  s u r f a c e  s t e r i l i z e d  showed a h i g h  p e r c e n t a g e  o f  r o t  
f rom t h e  5 t h  day o f  b o l l  d e v e lo p m e n t  ( F i g .  1 9 ) .
The i n c r e a s e  i n  b o l l  r o t  d e v e l o p m e n t  a f t e r  t h e  1 5 th  day  f o r  s u r ­
f a c e  s t e r i l i z e d  b o l l s  seemed t o  a g r e e  w i t h  t h e  t im e  o f  b o l l  s t o m a t a l  
p e n e t r a t i o n  and c o l o n i z a t i o n  o f  t h e  e p i d e r m a l  t i s s u e .
A d d i t i o n a l  s u p p o r t  t o  t h e  t im e  and mode o f  f u n g a l  e n t r y  o f  f i e l d  
b o l l s  was o b s e r v e d  when 17 Morrow and 13 S t .  J o s e p h  b o l l s  o f  t h e  5 
t o  2 0 -d a y  p e r i o d  d e v e l o p e d  c a l l u s  t i s s u e  from t h e  c u t  p o r t i o n  o f  t h e  
s u r f a c e  s t e r i l i z e d  b o l l s  ( F i g .  2 0 ) .  Only t h r e e  b o l l s  o f  t h e  t r e a t e d  
g ro u p  e x h i b i t e d  c a l l u s  t i s s u e  f o r m a t i o n  a f t e r  t h e  2 0 th  d ay .
D e c r e a s e  i n  c a l l u s  t i s s u e  p r o d u c t i o n  f o l l o w i n g  th e  2 0 th  day 
o f  b o l l  a g e ,  a p p e a r e d  t o  be c a u s e d  by  t h e  c o n t i n u o u s  m a t u r a t i o n  o f  
t h e  t i s s u e s  c o m p r i s i n g  t h e  b o l l s .  Most  o f  t h e  t i s s u e  r e g i o n s  
showed t h i c k e n i n g  o f  c e l l  w a l l s  w h ich  u s u a l l y  p r e c e d e s  r e d u c t i o n  
o f  m e r i s t e m a t i c  a c t i v i t y  r e s p o n s i b l e  f o r  t h e  p r o l i f e r a t i o n  o f  c a l l u s  
t i s s u e .
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F i g u r e  18.  O c c u r r e n c e  o f  r o t  i n  f i e l d  grown b o l l s  a f t e r  r e ­
moval  from p l a n t s  on s t a t e d  d a y s  p a s t  w h i t e  b loom 
and s u r f a c e  s t e r i l i z e d  w i t h  107o C lo r o x  f o r  15 
min.
P e r c e n t  b o l l s
r o t t e d  a f t e r  Age ( d a y s )  o f  b o l l s  a t  t i m e  o f  rem ova l  U L
75 days_______ 5 10 15 20 25 30 35 40 45___ 50
100
80
/ I  Ten a p p a r e n t l y  h e a l t h y  f i e l d  b o l l s  s e l e c t e d  f o r  e a c h  age 
i n t e r v a l .
/ 2  Rot p o s s i b l y  c a u s e d  by i n f e c t e d  m i n u te  b o l l  w e e v i l  p u n c t u r e .  
J | - - B o l l s  c o l l e c t e d  from Morrow, L o u i s i a n a .  
j T | - - B o l l s  c o l l e c t e d  from S t .  J o s e p h ,  L o u i s i a n a .
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F i g u r e  19.  O c c u r r e n c e  o f  r o t  i n  f i e l d  grown b o l l s  a f t e r  r e ­
moval  f rom p l a n t s  on s t a t e d  d a y s  p a s t  w h i t e  bloom 
and n o t  s u r f a c e  s t e r i l i z e d .
P e r c e n t  b o l l s  
r o t t e d  a f t e r  
75 d a y s____
Age ( d a y s )  o f  b o l l s  a t  t im e  o f  r e m o v a l  L k .
10 15 20 25 30 40 45 50
100
80
60
40
20
0
/ I  Ten a p p a r e n t l y  h e a l t h y  f i e l d  b o l l s  s e l e c t e d  f o r  e a c h  age 
i n t e r v a l .
J j j - - B o l l s  c o l l e c t e d  f rom  Morrow, L o u i s i a n a .
|""j—B o l l s  c o l l e c t e d  f rom S t .  J o s e p h ,  L o u i s i a n a .
88888888
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T a b l e  2.  M ic r o o r g a n i s m s  a s s o c i a t e d  w i t h  a p p a r e n t l y  h e a l t h y  f i e l d  
b o l l s  which  were  s u r f a c e  s t e r i l i z e d  w i t h  10% C lo r o x  f o r  
15 min and m a i n t a i n e d  i n  s t e r i l e ,  capped  sp ec im en  b o t ­
t l e s  f o r  75 d a y s .
M ic ro o rg a n i s m s  
i s o l a t e d  from Age i n t e r v a l (d a y s )  o f f i e l d b o l l s ZJL
b o l l s 5 10 15 20 25 30 35 40 45 50
F u s a r iu m  s p . M S MS S MS M S MS
A l t e r n a r i a  t e n u i s  
Nees M M S M MS
Chaetomium s p . M S MS
U n i d e n t i f i e d
b a c t e r i a M MS S M MS M
D i n l o d i a  g o s s y p i n a  
Cke. M MS MS MS
F l a v o b a c t e r i u m  s p . M M S MS
U n i d e n t i f i e d  p u r p l e -  
h a l o  fu n g u s M M M M
P e s t a l o t i a  s p . M
/I Ten apparently healthy field bolls selected from each age 
interval.
/M Indicates isolation from Morrow, Louisiana bolls.
/S Indicates isolation from St. Joseph, Louisiana bolls.
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T a b l e  3.  M ic r o o r g a n i s m s  a s s o c i a t e d  w i t h  a p p a r e n t l y  h e a l t h y  f i e l d
b o l l s  w h ich  were  n o t  s u r f a c e  s t e r i l i z e d  b u t  m a i n t a i n e d  i n  
s t e r i l e ,  capped  spec im en  b o t t l e s  f o r  75 d a y s .
M ic ro o rg a n i s m s  
i s o l a t e d  from Age i n t e r v a l ( d a y s ) o f  f i e l d  b o l l s / 1 .
b o l l s  5 10 15 20 25 30 35 40 45 50
F u s a r i u m  s p .  MS M MS MS MS MS MS MS MS MS
A l t e r n a r i a  t e n u i s
Nees  M M MS MS MS MS M MS nD MS
Chaetomium s p . M MS MS S
U n i d e n t i f i e d
b a c t e r i a M MS MS MS S MS MS MS
D i p l o d i a  g o s s y p i n a  
Cke. M M MS MS MS
F l a v o b a c t e r i u m  s p . M M M MS MS
P a e c i l o m y c e s  s p . M MS S MS MS
U n i d e n t i f i e d  p u r p l e -  
h a l o  fu n g u s M M M M M
P e s t a l o t i a  s p . M M M
T r i c h o d e rm a  s p . M M MS MS
C u r v u l a r i a  s p . M M MS S S MS
H e lm in th o s p o r iu m  s p . M M MS M
P e n i c i l l i u m  s p . M
C la d o s p o r i u m  h e rb a ru m  
( P e r s . )  Lk. M MS M M MS
N i g r o s p o r a  s p . M M
A s p e r g i l l u s  s p . MS M MS MS
/ I  Ten a p p a r e n t l y  h e a l t h y  f i e l d  b o l l s  s e l e c t e d  f o r  e a c h  age i n t e r v a l .  
/M I n d i c a t e s  i s o l a t i o n  from Morrow, L o u i s i a n a  b o l l s .
/S  I n d i c a t e s  i s o l a t i o n  from S t .  J o s e p h ,  L o u i s i a n a  b o l l s .
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F i g u r e  20.  T y p i c a l  c a l l u s  t i s s u e  fo rmed  on e x c i s e d  b o l l s  5 ,  10 ,  15 
and 20 d a y s  o f  age u n d e r  a s e p t i c  c o n d i t i o n s .  N a t u r a l
s i z e
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F u n g a l  p e n e t r a t i o n  o f  t h e  b o l l  s to in a ta  b e t w e e n  t h e  1 5 th  and 2 0 th  
day s  and d e v e lo p m e n t  w i t h i n  t h e  e p i d e r m a l  l a y e r s  p l a c e d  t h e  m a t u r i n g  
b o l l s  i n  a  p h a s e  o f  l a t e n t  d e t e r i o r a t i o n .
The re  was a much l a r g e r  number o f  d i f f e r e n t  f u n g i  i s o l a t e d  from 
t h e  n o n - s t e r i l e  c o n t r o l  b o l l s  (T a b l e  3) t h a n  were  t a k e n  f rom t h e  
t r e a t e d  g roup  ( T a b l e  2 ) .  T h i s  i n d i c a t e d  t h e  r e l a t i v e l y  weak p a t h o ­
g e n i c i t y  o f  m os t  f u n g i  w h ich  r e a c h e d  t h e  s u r f a c e  o f  a f i e l d  b o l l  and 
had  n o t  p e n e t r a t e d .  T hese  weak p a t h o g e n s  a t t a c k e d  t h e  c o t t o n  f i b e r  
a f t e r  t h e  b o l l  was c o m p l e t e l y  d e h i s c e d .
Field Bract Studies:
The a s s o c i a t i o n  and o c c u r r e n c e  o f  m i c r o o r g a n i s m s  w i t h  d e v e l o p i n g  
f i e l d  b r a c t s  was s t u d i e d ,  and a m a j o r  s o u r c e  o f  b o l l - r o t  in o c u lu m  was 
o b s e r v e d .
Age of Bracts as Related to Infection:
Morrow and S t .  J o s e p h  b r a c t s  were  s e l e c t e d  a t  random as  t h e y  
f i r s t  a p p e a r e d  on s q u a r e s  and t h r o u g h o u t  b o l l  m a t u r a t i o n  t o  d e h i s c e n c e .  
The t i m e  i n t e r v a l  w h ich  s e p a r a t e d  e a c h  b r a c t  s t a g e  was 5 d a y s .  Twenty 
a p p a r e n t l y  h e a l t h y  b r a c t s  o f  e a c h  age i n t e r v a l  w e re  c o l l e c t e d  and 
i s o l a t i o n s  were  made.
S u r f a c e  s t e r i l i z a t i o n  o f  t h e  c o m p le te  b r a c t s  i n  95% e ' th y l  a l c o h o l  
f o r  1 -2  min and t h e n  i n  1 :1 0 0 0  m e r c u r i c  c h l o r i d e  f o r  30 min  was 
c a r r i e d  o u t .  The b r a c t s  were  r i n s e d  i n  s t e r i l e  w a t e r  f o r  10 m in ,  and 
e a c h  b r a c t  was a s e p t i c a l l y  s e p a r a t e d  i n t o  a p i c a l ,  m i d d l e ,  and b a s a l  
p o r t i o n s .  The p o r t i o n s  w ere  p l a t e d  on 2% w a t e r  a g a r  and i n c u b a t e d  
a t  room t e m p e r a t u r e .  O c c u r r e n c e  o f  m i c r o b i a l  g row th  from w i t h i n  t h e
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T a b l e  4 .  M i c r o b i a l  g row th  a s s o c i a t e d  w i t h  s u r f a c e  s t e r i l i z e d  b r a c t s  
o f  s t a t e d  a g e s  f rom w h i t e  bloom i n d i c a t i n g  p r o g r e s s i v e  
d e v e lo p m e n t  o f  m i c r o o r g a n i s m s  w i t h i n  t h e  b r a c t s  a s  t o  t i m e .
Age o f  b r a c t s  
( d a y s )  a t  t im e  
o f  r em ova l  Al
P e r c e n t a g e  o f  b r a c t p o r t i o n s showing m i c r o b i a l g row th
Apex o f b r a c t M idd le  o f  b r a c t Base o f b r a c t
i l l 65 M 45 /S 50 35 30 25
5 70 65 55 40 20 30
10 55 40 50 40 25 20
15 75 60 60 45 35 25
20 60 55 55 45 25 20
( a n t h e s i s )  0 75 65 65 55 30 25
51 1 85 55 70 45 30 30
10 80 70 70 60 50 45
15 85 75 60 50 45 45
20 75 70 75 60 50 40
25 90 80 80 65 60 50
30 90 85 80 70 70 55
35 100 85 75 75 75 65
40 90 90 90 80 80 70
45 100 95 100 90 100 90
50 100 100 100 100 ' 100 100
55 100 100 100 100 100 100
/ I  Twenty w h o le ,  a p p a r e n t l y  h e a l t h y  f i e l d  b r a c t s  s e l e c t e d  f o r  e a c h  
age i n t e r v a l .
/ 2  B r a c t s  s e l e c t e d  from s q u a r e s .
/ 3  B r a c t s  s e l e c t e d  from b o l l s .
/M B r a c t s  c o l l e c t e d  from Morrow, L o u i s i a n a .
/S Bracts collected from St. Joseph, Louisiana, .
b r a c t  t i s s u e s  was r e c o r d e d  a s  p e r c e n t a g e  o f  i n f e c t e d  b r a c t  p o r t i o n s  
i n  T a b l e  4 .
T h i s  s t u d y  e s t a b l i s h e d  f o r  t h e  f i r s t  t im e  t h e  p r e s e n c e  o f  m i c r o ­
b i a l  a c t i v i t y  w i t h i n  t h e  v e r y  e a r l i e s t  formed  b r a c t s  o f  f i e l d  s q u a r e s .  
B r a c t  c o l o n i z a t i o n  by t h e s e  m i c r o o r g a n i s m s  a t  an  e a r l y  s t a g e  i n  f l o r a l  
d e v e lo p m e n t  a l l o w e d  a c o n t i n u o u s  in o c u lu m  b u i l d - u p  f o r  f u t u r e  b o l l  
i n f e c t i o n  t h r o u g h o u t  t h e  b o l l  d e v e l o p m e n t  p e r i o d .
I t  was n o t e d  t h a t  t h e  p r e d o m i n a n t  b r a c t  p o r t i o n s  i n v o l v e d  i n  
i n i t i a l  m i c r o b i a l  c o l o n i z a t i o n  w ere  t h e  b r a c t  t e e t h  o r  a p i c e s ,  w h ich  
i s  i n  a g re e m e n t  w i t h  Luke ( 1 2 ) .  However,  T a b l e  4 shows t h a t  f u r t h e r  
i n f e c t i o n  o f  t h e  b r a c t  m i d d le  and b a s a l  t i s s u e s  was d e t e c t e d .  The 
l o w e s t  p e r c e n t a g e  o f  i n f e c t i o n  was e x h i b i t e d  by  t h e  b r a c t  b a s e s .
A l l  b r a c t  r e g i o n s  were  i n f e c t e d  by  t h e  4 5 t h  d a y  f o l l o w i n g  w h i t e  
b l o s s o m ,  when mos t  o f  t h e  b r a c t s  i n  t h e  f i e l d  p l o t s  h a d  r o t t e d  from 
t h e  b o l l s  and mos t  o f  t h e  b o l l s  d e h i s c e d .
M ic r o o r g a n i s m s  I s o l a t e d  from F i e l d  B r a c t s :
I d e n t i f i c a t i o n s  were  made o f  m o s t  o f  t h e  m i c r o b i a l  i s o l a t e s  t a k e n  
f rom t h e  b r a c t  p o r t i o n s  and r e c o r d e d  a s  a  c o m p o s i t e  i n  T a b l e  5 i n d i ­
c a t i n g  t h e i r  p r e s e n c e  i n  t h e  c o m p le t e  b r a c t s  o f  s t a t e d  a g e s  f rom b o t h  
Morrow and S t .  J o s e p h  p l o t s .
The p r e d o m i n a n t  b r a c t  i n v a d e r  was A l t e r n a r i a  t e n u i s  N e e s ,  w h ich  
was i s o l a t e d  f rom b r a c t s  o f  e v e r y  age i n t e r v a l  ( F i g .  2 1 ) .  The b u l k  o f  
b r a c t  i n f e c t i o n  by  m i c r o o r g a n i s m s  o t h e r  t h a n  A. t e n u i s  o c c u r r e d  from 
t h e  1 0 th  day f o l l o w i n g  w h i t e  b lo s s o m  ( a n t h e s i s )  t h r o u g h  t o  b o l l  
d e h i s c e n c e .
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T a b l e  5 .  O c c u r r e n c e  o f  m i c r o o r g a n i s m s  i s o l a t e d  f rom f i e l d  grown b r a c t s  
o f  s t a t e d  a g e s  t a k e n  from Morrow and S t .  J o s e p h ,  L o u i s i a n a .  
(Apex,  m i d d l e ,  and b a s e ) _________
M ic r o o r g a n i s m s B r a c t e s ( d a y s ) / I
i s o l a t e d  f rom Square  ages Ant h e s i s / 2 B o l l ag e s
b r a c t  p o r t i o n s  1 5 10 15 20 0 5 10 15 20 25 30 35 40 45 50 55
D i p l o d i a  g o s s y p i n a  
Cke. + + + + + + + +
V e r t i c i l l i u m  s p . + + + + + +
P a e c i lo m y c e s  s p . + + + +
F u s a r iu m  s p . +  + + + + + + + +
C u r v u l a r i a  s p . + + + + +
H e l in in th o s p o r iu m  s p . + + + + +
F l a v o b a c t e r i u m  s p . + + + + + + + +
U n i d e n t i f i e d
b a c t e r i a + + -r + + +
Chaetomium s p . + + + +
U n i d e n t i f i e d  p u r p l e -  
h a l o  f u n g u s  . + + + + + + +
A s p e r g i l l u s  s p . -h + ~h + +
E picoccum  s p . + +
H y a l o f l o r a e  s p . + + +
H e l i c o s p o r i u m  s p . + + -!*
P e n i c i l l i u m  s p . + + + +
P a s t a l o t i a  s p . + + + +
C la d o s p o r i u m  h e rb a ru m  
( P e r s . )  Lk . + + + + +
D i p lo c o c c iu m  sp . + + +
M o n i l i a  s p . + +
A l t e r n a r i a  t e n u i s
Nees  +  + +  + + + + + + + + + + + -P + +
/ I  Twenty w h o le ,  a p p a r e n t l y  h e a l t h y  f i e l d  b r a c t s  s e l e c t e d  f o r  e a c h  age 
i n t e r v a l .
/ 2  A n t h e s i s  beg an  on J u n e  2 3 -2 5 ,  1969.
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F i g u r e  21 .  F o r t y  day Morrow f i e l d  b o l l  showing  t y p i c a l  b r a c t  de c a y  
c a u s e d  by A l t e r n a r i a  t e n u i s Nees  e n t e r i n g  t h e  b r a c t  t i p s  
and t h e  m yce l ium  p r o c e e d i n g  t o  t h e  b a s e .  N a t u r a l  s i z e
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The m i c r o o r g a n i s m s  a s s o c i a t e d  w i t h  f i e l d  b r a c t s  c o u l d  be  f a v o r ­
a b l y  compared  t o  t h o s e  i s o l a t e d  from t h e  e x t e r n a l  and i n t e r n a l  r e g i o n s  
o f  t h e  f i e l d  b o l l s  a s  s e e n  i n  T a b l e s  2 and 3 o f  t h e  p r e v i o u s  s t u d y .
Visual Presence of Fungal Infection in Bracts:
P a r a f f i n - e m b e d d e d  p a r a d e r m a l  and t r a n s v e r s e  s e c t i o n s  o f  Morrow 
f i e l d  b r a c t s s 5 -4 5  d ay s  o f  a g e ,  r e v e a l e d  a b u n d a n t  hyphae  p r o g r e s s i n g  
t h r o u g h  t h e  m a t u r i n g  b r a c t  t i s s u e s .
I n i t i a l  f u n g a l  p e n e t r a t i o n  o f  t h e  b r a c t s  o c c u r r e d  n e a r  t h e  a p i c e s  
t h r o u g h  ’n o rm a l  e p i d e r m a l  s t o m a t a  o r  m o d i f i e d  s t o m a t a — t h e  h y d a t h o d e s  
( F i g s .  2 2 ,  4 1 ) .
F o l l o w i n g  th e  e n t r y  i n t o  t h e  b r a c t s ,  t h e  hyphae  p r o c e e d e d  i n t e r -  
c e l l u l a r l y  t h r o u g h  t h e  b r a c t  m e s o p h y l l  t o  t h e  b a s e  ( F i g s .  23 ,  24 ,
25 ,  2 6 ) .
A g a in ,  t h e  m i c r o o r g a n i s m s  i n v o l v e d  i n  t h e  b r a c t  i n f e c t i o n  were  
o f  t h e  s e c o n d a r y  p a t h o g e n  c l a s s  as  o b s e r v e d  i n  t h e  b o l l  s t u d i e s .
Direct parasitism of the bracts was not observed; rather, a 
saprophytic-type existence was noted. Bract decay caused by these 
microorganisms was seen only after bract senility commenced from the 
apex.
Once c o l o n i z a t i o n  and d e c a y  o f  t h e  b r a c t  apex  by t h e  f u n g u s  was 
a c c o m p l i s h e d ,  t h e  hyphae  p ro c e e d e d  down t h e  b r a c t  t o  t h e  b a s e  a s  t h e  
b r a c t  age i n c r e a s e d  ( F i g s .  24 l o w e r ,  25 u p p e r ,  2 6 ) .
Greenhouse Boll Penetration Studies;
C o t t o n  v a r i e t y  'DPL 16 '  p l a n t s  were  grown i n  bench  b e d s  a t  t h e  
L o u i s i a n a  S t a t e  U n i v e r s i t y  C o t t o n  D i s e a s e  L a b o r a t o r y  t o  s t u d y  t h e  mode 
o f  p e n e t r a t i o n  o f  an a r t i f i c i a l l y . i n o c u l a t e d  fu n g u s  i n t o  b o l l  s u r f a c e s .
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F i g u r e  22 .  T r a n s v e r s e  s e c t i o n  o f  a 30 -day  f i e l d  b r a c t  n e a r  t h e  apex  
shew ing  s t o m a t a l  p e n e t r a t i o n  by A l t e r n a r i a  t e n u i s  N ees .  
430X
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F i g u r e  23.  P a r a d e r m a l  s e c t i o n s  o f  f i e l d  b r a c t s  w i t h  i n t e r c e l l u l a r  
h y p h a e .  Upper 10~day b r a c t  apex  and lo w er  20 -d ay  b r a c t  
apex  i n f e c t e d  w i t h  A l t e r n a r i a t e n u i s  N ees .  645X
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F i g u r e  24 .  P a r a d e r m a l  s e c t i o n s  o f  f i e l d  b r a c t s  w i t h  i n t e r c e l l u l a r  
h y p h a e .  Upper 3 0 -day  b r a c t  apex  i n f e c t e d  w i t h  D i p l o d i a  
g o s s y p i n a  Cke.  and lo w e r  30 -day  b r a c t  m i d d le .  645X
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F i g u r e  25 .  p a r a d e r m a l  s e c t i o n s  o f  f i e l d  b r a c t s  w i t h  i n t e r c e l l u l a r  
h y p h a e .  Upper  30 -d ay  b r a c t  b a s e  and lo w e r  4 0 -d a y  b r a c t  
apex  i n f e c t e d  w i t h  A l t e r n a r i a  t e n u i s  Nees .  750.X
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F i g u r e  26.  P a r a d e r m a l  s e c t i o n s  o f  f i e l d  b r a c t s  w i t h  i n t e r c e l l u l a r  
h y p h a e .  Upper  4 0 -d a y  b r a c t  m i d d l e  i n f e c t e d  w i t h  
A 1 t c r n a r i a  t e n u i s  Nees (750X) and lo w er  4 0 - d a y  b r a c t  b a s e  
i n f e c t e d  w i t h  F usa r iu tn  s p .  (645X) .
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F o u r  g r e e n h o u s e  b o l l s  o f  e a c h  age (5 -6 0  d a y s  o f  5 - d a y  i n t e r v a l s )  
were  s u r f a c e  i n o c u l a t e d  w i t h  s p o r e  s u s p e n s i o n s  o f  D i p l o d i a  g o s s y p i n a  
Cke.  T h i s  p a r t i c u l a r  c u l t u r e  o f  D. g o s s y p i n a  was t a k e n  f rom  a f i e l d  
b o l l  i s o l a t e  o f  t h e  p r e v i o u s  s t u d y  so t h a t  i t s  p a t h o g e n i c i t y  was known.
C o n s t a n t  h i g h  h u m i d i t y  was m a i n t a i n e d  d a i l y  f o r  8 d a y l i g h t  h o u r s  
by an o v e r h e a d  w a t e r  m i s t e r .  A g e n t l e  f lo w  o f  s t e a m  d u r i n g  t h e  n i g h t  
e n c o u r a g e d  dew f o r m a t i o n  on t h e  l e a v e s  and b o l l s .
The i n o c u l a t e d  b o l l s  w ere  removed a t  t h e  end  o f  5 d a y s .  Two o f  
t h e  f o u r  b o l l s  f o r  e a c h  age i n t e r v a l  were  p l a c e d  i n  a f r e e z e r  a t  10°  F 
f o r  36 h o u r s .  The r e m a i n i n g  b o l l s  o f  v a r y i n g  a g e s  were  p r e p a r e d  f o r  
p a r a f f i n  em bedd ing ,  t r a n s v e r s e  s e c t i o n i n g ,  and s t a i n i n g .
The f r o z e n  b o l l s  w ere  thawed i n  140°  F w a t e r  f o r  1 -2  h o u r s .  The 
c u t i c l e  and f i r s t  and s e c o n d  e p i d e r m a l  l a y e r s  w ere  e a s i l y  p e e l e d  from 
t h e  r e m a i n i n g  b o l l  t i s s u e .  These  s e c t i o n s  were  p l a c e d  c u t i c l e  s i d e  up 
on m i c r o s c o p e  s l i d e s ,  s t a i n e d  w i t h  s a f r a n i n ,  and c o v e r  s l i p s  w ere  
a d d e d .
F u n g a l  g ro w th  was o b s e r v e d  on p r a c t i c a l l y  a l l  o f  t h e  b o l l  s e c ­
t i o n s  made.  D. g o s s y p i n a  s p o r e s  had  g e r m i n a t e d  on and m yce l ium  had  
c o v e r e d  t h e  s u r f a c e  o f  t h e  v a r i o u s l y  aged  b o l l s  ( F i g s .  27 ,  28 ,  2 9 ) .
The optimum c o n d i t i o n s  o f  more t h a n  a d e q u a t e  m o i s t u r e ,  f e r t i l i z e r  
and t h e  " g r e e n h o u s e  e f f e c t "  p r o d u c e d  more s u c c u l e n t  p l a n t s  and. l a t e r  
m a t u r i n g  b o l l s  t h a n  t h o s e  found  i n  t h e  f i e l d  s t u d i e s .  E v i d e n c e  o f  
t h i s  c o u l d  be  s e e n  from t h e  age a t  w h ich  g u a r d  c e l l s  o f  t h e  b o l l s  
b e g a n  t o  c e a s e  f u n c t i o n i n g  (b e tw e e n  35 and 40 d a y s ) , and t h e  t i m e  o f  
s t o m a t a l  p e n e t r a t i o n  by  t h e  f u n g u s ,  a p p r o x i m a t e l y  40 d ay s  ( F i g .  28 
l o w e r ) .
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F i g u r e  27.  P a r a d e r m a l  s e c t i o n s  o f  D ip lo d  La s u r f a c e  i n o c u l a t e d  g r e e n ­
house  b o l l s .  Upper 10 -day  b o l l  s u r f a c e  (210X) and low er  
2 0 -day  b o l l  s u r f a c e  showing c h lam ydospo re  f o r m a t i o n  
(5 3 5 X ) . Note c l o s e d  s t o m a t a .
F i g u r e
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F i g u r e  29.  P a r a d e r m a l  s e c t i o n  o f  D i p l o d i a  s u r f a c e  i n o c u l a t e d  g r e e n ­
h o u s e  5 0 - d a y  b o l l .  Note  g e r m i n a t e d  s p o r e  on w r i n k l e d  
c u t i c l e  and c o m p l e t e l y  opened  s to m a .  750X
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T r a n s v e r s e  s e c t i o n s  o f  b o l l  c a r p e l  w a l l s ,  a g e s  5 -60  d a y s ,  a l s o  
e x h i b i t e d  a b u n d a n t  b o l l  s t o m a t a l  p e n e t r a t i o n  and g row th  w i t h i n  t h e  
e p i d e r m a l  l a y e r s  ( F i g s .  30 ,  31 ,  32 ,  3 3 ) .
The c o n f i n e m e n t  o f  t h e  D i p l o d i a  h yphae  t o  t h e  e p i d e r m a l  l a y e r s  
o f  t h e  b o l l  com pares  q u i t e  f a v o r a b l y  t o  t h a t  s e e n  f o r  t h e  f i e l d  b o l l s .  
However,  t h e  p r o g r e s s  o f  b o l l  m a t u r i t y  and f u n g a l  d e v e lo p m e n t  f u r t h e r  
i n t o  t h e  b o l l  t i s s u e s  was e x t e n d e d  some 15-20  d a y s  i n  t h e  g r e e n h o u s e  
b o l l s  ( F i g s .  31 ,  3 2 ,  3 3 ) .
I t  was a l s o  n o t e d  t h a t ,  w h i l e  t h e  D i p l o d i a  m yce l ium  c o l o n i z e d  
t h e  e p i d e r m a l  l a y e r ,  hyphae  c o u l d  a l s o  be  found  a l o n g  t h e  o u t e r  
p e r i p h e r y  o f  t h e  c e l l s  c o m p r i s i n g  t h e  s t o m a t a l  ch am b ers .  At t h i s  
p o i n t  p y c n i d i a l  f o r m a t i o n  p r o c e e d e d  on t h e  g u a rd  c e l l s .
These  p r o c e s s e s  t o o k  p l a c e  l o n g  b e f o r e  t h e  a c t u a l  p e n e t r a t i o n  
o f  t h e  l o c u l e s  by hyphae  f rom w h ich  b o l l  r o t  d e v e l o p e d .
F u n g a l  g ro w th  p r o c e e d e d  t o  t h e  o u t e r  l i m i t s  o f  t h e  m e so c a rp  t i s ­
sue  and was l a t e r  o b s e r v e d  e n t e r i n g  t h e  d e h i s c i n g  s u t u r e s  ( F i g .  3 3 ) .
As i n  t h e  f i e l d  b o l l s ,  D i p l o d i a  hyphae  c o u l d  be found  c o l o n i z i n g  t h e  
s l o u g h i n g  s u t u r a l  l i n e  pa renchym a and a d v a n c in g  down th e  d e h i s c i n g  
s u t u r e  t o  t h e  l o c u l e .  F i b e r  r o t  o c c u r r e d  b e f o r e  e x t e r n a l  b o l l  
d e h i s c e n c e  was c o m p l e t e .
D i p l o d i a  m yce l ium  was s e e n  t o  a c c u m u la t e  cn t h e  e x t e r n a l  b o l l  
s u t u r e s  a t  t h e  c u t i c l e .  T h i s  made f u n g a l  in o c u lu m  a v a i l a b l e  f o r  
s u t u r a l  p e n e t r a t i o n  a t  t h e  t i m e  o f  b o l l  d e h i s c e n c e  ( F i g .  3 4 ) .
G reen h o u se  B r a c t  S t u d i e s ;
The mode o f  e n t r y  and c o l o n i z a t i o n  o f  b r a c t s  by D. g o s s y p i n a  was 
d e t e r m i n e d .  F u n g a l  s p o r e  s u s p e n s i o n s  were a p p l i e d  t o  g r e e n h o u s e
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F i g u r e  30.  T r a n s v e r s e  s e c t i o n  o f  D i p l o d i a  s u r f a c e  i n o c u l a t e d  g r e e n ­
house  4 5 - d a y  b o l l  showing f u n g a l  p e n e t r a t i o n  o f  a s toma 
w i t h  h y p h a l  t i p s  e x t e n d i n g  i n t o  t h e  s u b s t o m a t a l  cham ber .  
645X
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F i g u r e  31 .  T r a n s v e r s e  s e c t i o n s  o f  D i p l o d i a  g o s s y p i n a  Cke.  s u r f a c e
i n o c u l a t e d  g r e e n h o u s e  b o l l s  showing i n t e r c e l l u l a r  f u n g a l  
g row th  b e n e a t h  t h e  b o l l  e p i d e r m i s ,  Upper 4 5 - d a y  b o l l  
(500X) and lo w er  5 0 -d a y  b o l l  (5 3 5 X ) .
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F i g u r e  32.  T r a n s v e r s e  s e c t i o n s  o f  D i p l o d i a  s u r f a c e  i n o c u l a t e d  g r e e n ­
h o u s e  b o l l s  showing  i n t e r c e l l u l a r  f u n g a l  g ro w th  b e n e a t h  
t h e  b o l l  e p i d e r m i s .  Upper  55~day b o l l  (300X) and low er  
6 0 -day  b o l l  (4 3 0 X ) .
63
F i g u r e  33.  T r a n s v e r s e  s e c t i o n s  o f  d e h i s c i n g  g r e e n h o u s e  b o l l s ,  s u r f a c e  
i n o c u l a t e d  w i t h  D i p l o d i a , e x h i b i t i n g  f u n g a l  p e n e t r a t i o n  o f  
t h e  s u t u r a l  a r e a .  Upper  4 5 - d a y  b o l l  (320X) and low er  
5 5 -d a y  (2 1 0 X ) .
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F i g u r e  34.  T r a n s v e r s e  s e c t i o n  5 0 -d a y  g r e e n h o u s e  b o l l  s u r f a c e
i n o c u l a t e d  w i t h  Di p l o d i a . Note  t y p i c a l  a c c u m u l a t i o n  
o f  myce l ium a t  t h e  s u t u r a l  a r e a .  430X
65
b r a c t s  as  th e y  f i r s t  a p p e a re d  on s q u a r e s  and on th r o u g h  d e h i s c e n c e .
The t im e  i n t e r v a l  i n d i c a t i n g  b r a c t  s t a g e s  was 5 d a y s .  The p l a n t s  w ere  
grown u n d e r  s i m i l a r  humid c o n d i t i o n s  d e s c r i b e d  f o r  th e  i n o c u l a t e d  
b o l l s .
A f t e r  f i v e  d a y s ,  4 b r a c t s  from  e a c h  age i n t e r v a l  w ere  removed 
and i n d i v i d u a l l y  s u r f a c e  s t e r i l i z e d  i n  95% e t h y l  a l c o h o l  f o r  1 -2  min 
and th e n  i n  1 :1000  m e r c u r i c  c h l o r i d e  f o r  30 m in .  They w ere  r i n s e d  
i n  s t e r i l e  w a t e r  and s e c t i o n s  w ere  t a k e n  a s e p t i c a l l y  from  t h e  a p e x ,  
m i d d le ,  and b a s e  o f  e a c h  b r a c t  t o  b e  p l a t e d  on w a t e r  a g a r .  The b r a c t  
p o s i t i o n  from  w i t h i n  w h ich  m i c r o b i a l  g ro w th  d e v e lo p e d  was r e c o r d e d  
i n  T a b le  6 .
F u n g a l  i n f e c t i o n  o f  a l l  o f  th e  b r a c t  a p i c e s  was o b s e r v e d .  The 
m id d le s  and b a s e s  o f  t h e  b r a c t s  seemed v i r t u a l l y  d e v o id  o f  i n f e c t i o n  
a t  th e  l a t e r  s q u a re  and e a r l y  b o l l  s t a g e s .
The s q u a r e s  o f  t h e  1 t o  1 0 -d ay  p e r i o d s  a p p e a re d  t o  be  s e v e r e l y  
a f f e c t e d  by th e  f u n g a l  i n f e c t i o n s  a s  a r e s u l t  o f  t h e  s p o r e  s u s p e n s io n  
i n o c u l a t i o n s .  A lm ost a l l  o f  th e  1 t o  5 -d a y  i n o c u l a t e d  s q u a r e s  d ro p p ed  
from  th e  p l a n t s ,  and o n ly  a  few 1 0 -d ay  s q u a r e s  re m a in e d  a t t a c h e d  to  
t h e  p l a n t s .  I s o l a t i o n s  made from  th e  f a l l e n  s q u a r e s  r e v e a l e d  D. 
g o s s y p in a  w i t h i n  t h e  s q u a r e  t i s s u e s .  No d i s t i n c t i o n  was made a s  t o  
t h e  f u n g a l  p r o g r e s s i o n  w i t h i n  th e  i n t e r n a l  b r a c t  t i s s u e s  o f  th e  1 t o  
5 -d a y  s q u a r e s .  The b r a c t  t i s s u e  b reakdow n o c c u r r e d  v e r y  s h o r t l y  a f t e r  
th e  s q u a r e s  d ro p p e d  from  th e  p l a n t .  T h i s  s q u a r e  l o s s  was n o t  o b s e rv e d  
i n  t h e  o t h e r  h a l f  o f  th e  same g re e n h o u s e  b e n ch  w hich  was h e l d  a s  a  
c h e c k  and n o t  i n o c u l a t e d .
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Table. 6 .  D ev e lo p m en ta l  p r o g r e s s i o n  o f  D i p l o d i a  g o s s y p in a  Clce. 
w i t h i n  s u r f a c e  i n o c u l a t e d  b r a c t s  o f  s t a t e d  a g e s .
Age (d a y s )  o f  
i n o c u l a t e d  b r a c t s / J L
B r a c t  p o r t i o n s  show ing m i c r o b i a l  g r o w th /2
Apex o f  b r a c t M idd le  o f b r a c t  Base o f  b r a c t
1 + + + n
5 + + +  li
10 + *h
15 +
20 +
( a n t h e s i s )  0 +
5 +
10 +
15 + -f.
20 + +
25 +
30 + +
35 + +
40 + + +
45 + +
50 + + +
55 + + +
60 + +
/1  F o u r  w hole b r a c t s  s e l e c t e d  f o r  ea c h  age i n t e r v a l .
/ 2  Removal o f  i n o c u l a t e d  b r a c t s  from b o l l s  a f t e r  5 d a y s .
/ 3  E n t i r e  i n o c u l a t e d  s q u a r e s  e x h i b i t e d  r o t  and f e l l  from  p l a n t .
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At th e  3 5 -d ay  b o l l  p e r i o d ,  a l l  o f  t h e  b r a c t  p o r t i o n s  p ro d u ced  
f u n g a l  g ro w th  and w ere  c o n s i d e r e d  c o m p le te ly  i n f e c t e d .
V is u a l  e v id e n c e  o f  D. g o s s y p i n a  hyphae  w i t h i n  g r e e n h o u s e  b r a c t s  
was p ro d u ced  by p a r a d e rm a l  s e c t i o n i n g  o f  p r e v i o u s l y  i n o c u l a t e d  b o l l  
b r a c t s  aged  10 , 2 0 ,  3 0 ,  40 and 5 0 - d a y s .
I n t e r c e l l u l a r  hyphae  seemed t o  be c o n f in e d  to  th e  b r a c t  apex  o f  
t h e  1 0 -d ay  p e r i o d  ( F i g .  35 u p p e r ) .  The tw e n ty  and t h i r t y  day  b r a c t s  
w ere  in v a d e d  t o  t h e i r  m id d le  p o r t i o n s  ( F i g s .  35 lo w e r ,  36 , 37 u p p e r ) .  
C om plete  b r a c t  i n f e c t i o n  was s e e n  i n  t h e  40 t o  5 0 -d a y  b r a c t s  
( F i g s .  37 lo w e r ,  3 8 ,  39 , 4 0 ) .
B r a c t  a p i c a l  t i s s u e  b e g a n  to  t u r n  y e l lo w -b ro w n  n e a r  t h e  4 0 th  day 
o f  d e v e lo p m en t  on t h e  b o l l .  A p ic a l  d e c a y  was o b s e rv e d  a f t e r  th e  4 0 th  
day  and p r o g r e s s i v e  b r a c t  d e t e r i o r a t i o n  u n t i l  b o l l  d e h i s c e n c e  a t  65- 
75 d a y s .
I n i t i a l  b r a c t  p e n e t r a t i o n  by  13. g o s s y p in a  a p p e a re d  t o  be  th ro u g h  
th e  s to m a ta  o f  b r a c t  a p i c e s  ( F i g .  4 1 ) .  The s to m a ta  ( h y d a th o d e s )  o f  
th e  b r a c t  m a rg in s  w ere  p r i n c i p a l l y  i n v o l v e d ,  a l t h o u g h  th e  i n t e r i o r  
s to m a ta  w ere  som etim es  found  t o  have  b e e n  p e n e t r a t e d .
F i g u r e
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F ig u r e  36. P a ra d e rm a l  s e c t i o n s  o f  g r e e n h o u s e  b r a c t s ,  s u r f a c e  in o c u ­
l a t e d  w i th  D i p l o d i a , show ing i n t e r c e l l u l a r  g row th  o f  
h y p h ae .  Upper 2 0 -d ay  b r a c t  m id d le  and lo w er  3 0 -d ay  b r a c t  
a p e x .  645X
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F ig u r e  37. P a rad e rrn a l  s e c t i o n s  o f  g re e n h o u se  b r a c t s ,  s u r f a c e  in o c u ­
l a t e d  w i th  D i p l o d i a , show ing i n t e r c e l l u l a r  g row th  o f  
h y p h a e .  U pper 3 0 -d ay  b r a c t  m id d le  (750X) and low er 4 0 -  
day b r a c t  apex  (6 4 5 X ) .
F i g u r e  38. P a rad e rrn a l  s e c t i o n s  o f  g re e n h o u s e  b r a c t s ,  s u r f a c e  in o c u ­
l a t e d  w i th  Di p l o d i a , showing i n t e r c e l l u l a r  grow th  o f  
hy p h ae .  Upper 4 0 -d ay  b r a c t  m id d le  (645X) and lo w er  4 0 -  
day b r a c t  b a s e  (7 5 0 X ) .
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F ig u r e  39. P a ra d e rm a l  s e c t i o n s  o f  g re e n h o u s e  b r a c t s ,  s u r f a c e  i n o c u ­
l a t e d  w i th  D i p l o d i a , show ing i n t e r c e l l u l a r  g ro w th  o f  
h y p h ae .  Upper 5 0 -d ay  b r a c t  ap ex  (645X) and lo w er  5 0 -day  
b r a c t  m id d le  (750X ).
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its
F ig u r e  4 0 .  Parade.^mal s e c t i o n  o f  5 0 -d a y  g re e n h o u s e  b r a c t  b a s e  
shovy^g i n t e r c e l l u l a r  g ro w th  o f  h y p h a e . 750X
F i g u r e  4 1 .  T r a n s v e r s e  s e c t i o n  o f  3 5 -day  g re e n h o u s e  b r a c t  a p e x ,  
s u r f a c e  i n o c u l a t e d  w i t h  D i p l o d i a , i n d i c a t i n g  f u n g a l  
p e n e t r a t i o n  o f  a s to m a .  430X
DISCUSSION
I n  th e  1969 c o t t o n  g row ing  s e a s o n  L o u i s i a n a  e x p e r i e n c e d  a v e r y  
low p e r c e n t a g e  o f  b o l l  r o t ,  t h e  s t a t e  a v e ra g e  b e i n g  a p p r o x im a te ly  1-2  
p e r c e n t .  T h i s  was m a in ly  th e  r e s u l t  o f  v e r y  low am ounts  o f  s e a s o n a l  
r a i n f a l l  and th e  u s u a l l y  h ig h  t e m p e r a t u r e s .
The Morrow and S t .  J o s e p h  p l o t s  e x p e r i e n c e d  low r a i n f a l l ,  th e  
Morrow p l o t  r e c e i v i n g  s l i g h t l y  more p r e c i p i t a t i o n  e a r l y  i n  th e  s e a s o n ,  
b u t  b o th  p ro d u c in g  m a tu re  c o t t o n  by  th e  5 0 th  d a y  from  a n t h e s i s  
( F i g .  6 ) .
E a r l y  s e a s o n  r a i n s  w ere  p r o b a b ly  r e s p o n s i b l e  f o r  t h e  s l i g h t l y  
h i g h e r  l e v e l  o f  m i c r o b i a l  in o c u lu m  a v a i l a b l e  f o r  e a r l y  b r a c t  and b o l l  
i n f e c t i o n  i n  th e  Morrow p l o t  a s  o pposed  t o  t h e  S t .  J o s e p h  f i e l d  as  
s e e n  i n  T a b le  6 and F i g u r e s  18 and 19.
The u n u s u a l l y  d r y  s e a s o n  had  i t s  e f f e c t  on th e  d e v e lo p m e n t  o f  
th e  v a r i o u s  b o l l - r o t t i n g  o rg a n is m s  d u r in g  th e  c o t t o n  s e a s o n .  The 
p r im a ry  b o l l  p e n e t r a t o r s ,  such  a s  C o l l e c t o t r i c h u m  g o s s v p i i  S o u th w o r th ,  
P e l l i c u l a r i a  f i l a m e n t o s a  ( P a t . )  R o g e r s ,  P h y to p h th o r a  p a r a s i t i c a  D a s t .  
and o t h e r s ,  w ere n o t  among th o s e  o rg a n is m s  i s o l a t e d  from  Morrow o r  
S t .  J o s e p h .  The s t a t e  s u rv e y  p ro d u c e d  o n ly  a  few  i s o l a t i o n s  o f  t h e s e  
g ro u p s  and o n ly  from  th o s e  a r e a s  r e c e i v i n g  l a r g e  am ounts  o f  p r e c i p i t a ­
t i o n  th r o u g h  th e  s e a s o n .
Those m ic ro o rg a n is m s  w hich  a r e  c o n s id e r e d  a s  s e c o n d a ry  p a th o g e n s  
w ere  th e  m a jo r  g ro u p  r e s p o n s i b l e  f o r  b o l l  r o t .  T a b le s  3 and 5 c o n t a i n  
th e  m ic ro o rg a n is m s  w hich  w ere  commonly found  i n  t h e  c o t t o n  b o l l - r o t  
d i s e a s e  com plex i n  1969.
75
76
B o l l s  t a k e n  from th e  Morrow p l o t  b eg an  c e n t r i f u g a l  d e h i s c e n c e  
b e tw ee n  t h e  1 0 th  and 1 5 th  day  from a n t h e s i s  ( F i g s .  4 u p p e r ,  8 ) .  The 
e x a c t  r e g i o n  o f  i n i t i a l  d e h i s c e n c e  and t i s s u e s  i n v o lv e d  w ere  th e  
parenchym a o f  th e  s u t u r a l  l i n e  l o c a t e d  b e tw e e n  t h e  s c le r e n c h y m a  f i b e r  
b u n d le s  ( F ig .  8 ) .  T h is  i s  th e  f i r s t  r e p o r t  o f  t h e  s p e c i f i c  mode o f  
s p l i t t i n g  o f  th e  b o l l  s u t u r e  and th e  f a c t  t h a t  d e h i s c e n c e  b e g i n s  
b e f o r e  th e  b o l l  r e a c h e s  e x t e r n a l  m a t u r i t y - - a b o u t  20-25  d a y s  i n  1969.
The know ledge o f  t h e  m ethod and t im e  o f  i n i t i a l  b o l l  d e h i s c e n c e  
i s  im p o r t a n t  b e c a u s e  i t  seems t o  c o i n c i d e  w i t h  t h e  e n t r y  o f  th e  b o l l  
e p id e r m a l  t i s s u e  by b o l l - r o t t i n g  o rg a n is m s  ( F i g .  1 0 ) .
E x t e r n a l  b o l l  s u t u r e  anatomy was p r e s e n t e d  ( F i g s .  1 ,  2 ,  7 ,  8 ) .
The i n t e r n a l  parenchym a r i d g e ,  a  p r e v i o u s l y  o v e r lo o k e d  s t r u c t u r e ,  
was i d e n t i f i e d  ( F i g s .  IB , 2H, 7 B ) . The im p o r ta n c e  o f  t h i s  parenchym a 
s t r u c t u r e  i s  i t s  c o n t in u o u s  c o n n e c t io n  w i t h  t h e  b o l l  s u t u r e  l i n e  
t o  t h e  e p i d e r m i s .  The " r i d g e "  r e p r e s e n t s  one o f  t h e  few w eak p o i n t s  
i n  t h e  o t h e r w i s e  c o n t in u o u s  s c l e r o t i z e d  e n d o c a rp  o f  t h e  c a r p e l  
( F i g s .  1 ,  2 ,  7 ) .
The s c le re n c h y m a  f i b e r s  o f  th e  e n d o c a rp  p r e s e n t  a p h y s i c a l  
b a r r i e r  t o  s e c o n d a ry  b o l l  p a th o g e n s  and p o s s i b l y  p r im a ry  i n v a d e r s  as  
w e l l .  The n o n - s c l e r o t i z e d  z o n e ,  c r e a t e d  by  th e  i n t e r n a l  pa renchym a 
r i d g e  i n t e r r u p t i n g  th e  e n d o c a rp ,  a p p e a r s  to  be a  n a t u r a l  av en u e  o f  
e n t r y  i n t o  th e  b o l l  l o c u l e .
B o l l  s to m a ta  w ere  s e e n  a s  th e  p r im a ry  mode o f  m i c r o b i a l  p e n e t r a ­
t i o n  i n t o  c o t t o n  b o l l s  t a k e n  from  b o th  th e  Morrow and S t .  J o s e p h  p l o t s  
( F i g s .  10 u p p e r ,  11 lo w e r ,  12, 13 , 1 4 ) .
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The p a ra d e rm a i  s e c t i o n s  o f  f i e l d  b o l l s  a g e s  5 -45  d a y s  r e v e a l e d  
m y c e l i a  o f  v a r i o u s  s p e c i e s  o f  f u n g i  ran d o m ly  c o v e r in g  th e  c u t i c l e  
a n d / o r  e n t e r i n g  b o l l  s t o m a ta .  Hyphae in v a d e d  th e  e p id e r m a l  l a y e r s  
and g ro w th  a p p e a re d  a s  i n t e r c e l l u l a r  ( F i g .  11) and i n t r a c e l l u l a r  
( F i g .  10 lo w e r )  c o l o n i z a t i o n .
F i e l d  b o l l  g u a rd  c e l l s  c e a s e d  t o  f u n c t i o n  b e tw e e n  th e  1 5 th  and 
2 0 th  day  o f  b o l l  m a t u r a t i o n ,  and th e  s to m a ta  rem a in ed  opened  i n  1969. 
F u n g a l  p e n e t r a t i o n  o f  s to m a ta  f o l lo w e d  g u a rd  c e l l  s e n e s c e n c e .
The c o t t o n  v a r i e t y  'DPL 16* p ro d u c e d  15-20  b o l l  s to m a ta  p e r  100X 
m ic ro s c o p e  f i e l d .  T h is  a d e q u a te  number o f  s to m a ta ,  w h i l e  a l lo w in g  
e f f i c i e n t  g a s e o u s  exchange  b e tw ee n  t h e  b o l l  t i s s u e s  and i t s  e x t e r n a l  
e n v i ro n m e n t ,  a l s o  p ro v id e d  num erous p o i n t s  o f  e n t r y  f o r  m ic ro o rg a n is m s  
such  a s  b a c t e r i a  and f u n g i .
F u n g a l  g ro w th  was c o n f in e d  t o  t h e  e p id e r m a l  l a y e r s  d u r i n g  e a r l y  
b o l l  d e h i s c e n c e  ( F i g s .  15 , 16 u p p e r )  i n  1969 . H yphal p e n e t r a t i o n  
p ro c e e d e d  t o  t h e  o u t e r  m e so ca rp  t i s s u e  and i n t o  th e  d e h i s c i n g  b o l l  
s u t u r e s  ( F i g s .  16 lo w e r ,  1 7 ) .
The p r i n c i p a l  s o u r c e  o f  f u n g a l  n o u r i s h m e n t  w i t h i n  t h e  d e h i s c i n g  
s u t u r e s  a p p e a re d  t o  be th e  s lo u g h in g  parenchym a c e l l s  o f  t h e  s u t u r a l  
l i n e  ( F i g .  1 7 ) .  T hese  c e l l s  w ere  u t i l i z e d  by t h e  f u n g i  u n t i l  t h e  b o l l  
s u t u r e  had  d e h i s c e d  th ro u g h  th e  i n t e r n a l  parenchym a r i d g e ,  e x p o s in g  
th e  l o c u l e  and f i b e r .
L o c u le  p e n e t r a t i o n  and f i b e r  r o t  to o k  p l a c e  a t  d i f f e r e n t  r a t e s  
d e p e n d in g  on th e  l e v e l  o f  p a t h o g e n i c i t y  o f  th e  m ic ro o rg a n is m s .
D i p l o d i a  g o s s y p in a  Cke. e n t e r e d  t h e  l o c u l e  and r o t t e d  th e  f i b e r  b e f o r e  
th e  s u t u r e  had  c o m p le te ly  d e h i s c e d  e x t e r n a l l y .  B o l l  f i b e r  i n f e c t e d
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w i th  F u s a r iu m  s p .  began  t o  r o t  a t  b o l l  d e h i s c e n c e ;  h o w ev er ,  A l t e r n a r i a  
t e n u i s  Nees r o t t e d  th e  f i b e r  o n ly  a f t e r  th e  b o l l s  w ere c o m p le te ly  
d e h i s c e d ,  e x p o s in g  th e  f i b e r  w i t h i n .
The a c t i v i t y  o f  m ic ro o rg a n is m s  w i t h i n  t h e  b o l l  p e r i c a r p  p r e c e d in g  
c o m p le te  s u t u r a l  o p e n in g  was c o n s i d e r e d  a s  l a t e n t  i n f e c t i o n .
M i c r o b i a l  p r e s e n c e  w i t h i n  th e  p e r i c a r p  o f  f i e l d  b o l l s  f o l l o w i n g  
g u a rd  c e l l  s e n e s c e n c e  (T a b le  1) may a c c o u n t  for* i s o l a t i o n s ,  by some 
w o r k e r s ,  o f  v a r i o u s  b a c t e r i a  and f u n g i  from  e x c i s e d  and in c u b a te d  
a p p a r e n t l y  h e a l t h y  f i e l d  b o l l s  ( 1 ,  2 ,  3 ,  5 ,  17 , 1 8 ) .  The m e th o d s  o f  
b o l l  s u r f a c e  s t e r i l i z a t i o n  em ployed by t h e s e  r e s e a r c h e r s  w ere o b s e rv e d  
t o  hav e  l i t t l e  o r  no e f f e c t  on m i c r o b i a l  g ro w th  w i t h i n  s u b s t o m a t a l  
c a v i t i e s  and a s s o c i a t e d  t i s s u e s  a s  s e e n  i n  F i g u r e s  18 and 19 . Many 
o f  t h e  m ic r o o r g a n i s m s ,  i s o l a t e d  from  v a r i o u s  b o l l  r e g i o n s  o t h e r  th a n  
th e  p e r i c a r p  by t h e s e  w o r k e r s ,  w ere  t a k e n  p r i m a r i l y  from  th e  t i s s u e s  
o f  t h e  p e r i c a r p s  i n  t h i s  s tu d y  ( T a b le s  2 and 3 ) .
No r o t  d e v e lo p e d  i n  17 Morrow and 13 S t .  J o s e p h  b o l l s  i n  th e  
5 -2 0  day age r a n g e  on w h ich  c a l l u s  t i s s u e  was form ed on t h e  c u t  s u r ­
f a c e  ( F ig .  2 0 ) .  T h i s  p r o d u c t i o n  o f  c a l l u s  t i s s u e  would  seem t o  i n d i ­
c a t e  t h a t  th e  t i s s u e s  o f  young b o l l s  a r e  c o m p a r a t i v e ly  f r e e  o f  
m i c r o b i a l  g ro w th .
An i n c r e a s e  i n  r o t t e d  b o l l s  was o b s e rv e d  a f t e r  th e  1 5 t h - 2 0 t h  day  
( F i g .  1 8 ) ,  and o n ly  3 b o l l s  h ad  c a l l u s  t i s s u e ‘a f t e r  t h a t  p e r i o d .  T h is  
i n f o r m a t i o n  seemed t o  a g r e e  w i t h  th e  t im e  o f  b o l l  s t o m a t a l  p e n e t r a t i o n  
and c o l o n i z a t i o n  c f  t h e  e p id e rm a l  t i s s u e  ( F i g s .  1 0 - 1 6 ) .
D e c re a s e  i n  c a l l u s  t i s s u e  p r o d u c t i o n  f o l l o w i n g  th e  2 0 th  day  o f  
b o l l  a g e ,  a p p e a re d  t o  be c a u s e d  by th e  c o n t in u o u s  m a t u r a t i o n  o f  th e
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t i s s u e s  c o m p r i s in g  th e  b o l l s .  Most o f  th e  t i s s u e  r e g i o n s  showed 
t h i c k e n i n g  o f  c e l l  w a l l s  w h ich  u s u a l l y  p r e c e d e s  r e d u c t i o n  o f  m e r i -  
s t e m a t i c  a c t i v i t y .
M ic ro o rg a n ism s  g a i n i n g  e n t r a n c e  i n t o  th e  p e r i c a r p  may p e r i s h  
b e f o r e  th e y  c a n  g e t  t o  t h e  s u t u r a l  pa renchym a i f  t h e  b o l l  m a tu r e s  
q u i c k l y  a s  a  r e s u l t  o f  h o t ,  d ry  w e a t h e r .  The r e v e r s e  may en h an ce  
i n f e c t i o n  b e c a u s e  t h e  b o l l  t e n d s  t o  re m a in  c l o s e d  d u r i n g  w e t  w e a th e r .
I t  was n o te d  t h a t ,  w h i l e  t h e  p e r i c a r p  t i s s u e  y i e l d e d  a b u n d a n t
m i c r o b i a l  g ro w th ,  t h e  p l a c e n t a l  column t i s s u e s  c o n t a i n e d  no  e v id e n c e  
o f  m i c r o b i a l  o c c u r r e n c e  u n t i l  t h e  b o l l s  w ere  n e a r l y  d e h i s c e d  a t  4 0 -
45 d a y s  from  a n t h e s i s .  The o b s e r v a t i o n  o f  a p p a r e n t l y  d i s e a s e - f r e e
p l a c e n t a l  co lum ns i n  t h e  e a r l y  b o l l  s t a g e s  a g r e e d  w i t h  r e s u l t s  p r e ­
s e n te d  by  G u id ro z  and P in c k a r d  ( 9 ) .
A p p a r e n t ly  h e a l t h y  f i e l d  b r a c t s  from  a l l  s t a g e s  o f  f l o r a l  
d ev e lo p m e n t  th r o u g h  t o  f r u i t  d e h i s c e n c e  w ere shown t o  c o n t a i n  v a r i o u s  
s p e c i e s  o f  m ic ro o rg a n is m s  on and w i t h i n  t h e i r  t i s s u e s .  T h i s  was shown 
to  be a  m a jo r  s o u r c e  o f  p o t e n t i a l  b o l l - r o t  inoculvim w h ich  i n c r e a s e d
i n  th e  e a r l y  f l o r a l  and b o l l  s t a g e s  (T a b le  5 ) .  The in o c u lu m  was
a v a i l a b l e  f o r  b o l l  s t o m a t a l  p e n e t r a t i o n  a t  t h e  15 t o  2 0 -d a y  p e r i o d .
B r a c t s  i n  a l l  s t a g e s  o f  d ev e lo p m e n t  w ere  t h o r o u g h l y  s u r f a c e  
s t e r i l i z e d  and i n d i v i d u a l l y  s e c t i o n e d  i n t o  a p i c a l ,  m i d d le ,  and b a s a l  
p o r t i o n s .  T hese  p o r t i o n s  w ere  p l a c e d  on w a te r  a g a r  and i n c u b a t e d .  
B r a c t  a p i c e s  t a k e n  from  b o l l  s t a g e s  p ro d u ced  a b u n d a n t  m i c r o b i a l  
g ro w th  (T a b le  4 ) .  T h is  was a l s o  shown by Luke (12)  and D elgado  ( 6 ) .  
F u r t h e r  i n f e c t i o n  o f  b r a c t  m id d le s  and b a s e s ,  h o w ev e r ,  was a l s o  
o b s e r v e d .  I n  a d d i t i o n ,  t h i s  s tu d y  a l s o  e s t a b l i s h e d  f o r  th e  f i r s t
\
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t im e  th e  p r e s e n c e  o f  m ic ro o rg a n is m s  w i t h i n  th e  b r a c t s  on a l l  s q u a r e  
s t a g e s  ( T a b le s  4 and 5 ) .
A l t e r n a r i a  t e n u i s  N ees was t h e  p re d o m in a n t  b r a c t  i n v a d e r  from  
th e  v e r y  e a r l i e s t  b r a c t s  on s q u a r e s  t o  c o m p le te  b o l l  d e h i s c e n c e  
(T a b le  5 ) .  I t  was s h o rn  t h a t  a l a r g e  number o f  t h e  m ic ro o rg a n is m s  
i s o l a t e d  from  f i e l d  b r a c t s  w ere  a l s o  a s s o c i a t e d  w i th  th e  e x t e r n a l  and 
i n t e r n a l  r e g i o n s  o f  f i e l d  b o l l s  ( T a b le s  2 and 3 ) .
V i s u a l  p r e s e n c e  o f  m ic ro o rg a n is m s  w i t h i n  f i e l d  b r a c t  p o r t i o n s  
s u p p o r te d  th e  f i n d i n g s  o f  t h e  m i c r o b i a l  i s o l a t i o n  w ork .
P a ra d e rm a l  and t r a n s v e r s e  s e c t i o n s  o f  b r a c t s  5 -45  d ay s  from  
a n t h e s i s  r e v e a l e d  hyphae  o f  v a r i o u s  f u n g a l  s p e c i e s  c o l o n i z i n g  th e  
b r a c t  t i s s u e s  i n t e r c e l l u l a r l y  ( F i g s .  22 , 2 3 ,  2 4 ,  25 , 2 6 ) .  T i s s u e  
breakdow n and t h i c k e r - w a l l e d  h y p h ae  w ere  s e e n  b e g i n n in g  i n  th e  a p i c a l  
p o r t i o n  o f  t h e  b r a c t s .  T hese  f i n d i n g s  a g r e e  w i t h  th o s e  o f  D elgado  (6).
I n i t i a l  f u n g a l  p e n e t r a t i o n  o f  t h e  b r a c t s  o c c u r r e d  n e a r  t h e i r  
a p i c e s ,  p r i n c i p a l l y  th r o u g h  th e  h y d a t h o d e s ,  i n  a c c o rd a n c e  w i t h  D elgado  
(b )  ; h o w ev er ,  b r a c t  e n t r y  was a l s o  a c c o m p lish e d  th ro u g h  th e  n o rm a l 
s u r f a c e  s to m a ta  o f  t h e  b r a c t  ap ex  ( F i g .  2 2 ) .
The mode o f  p e n e t r a t i o n  and c o l o n i z a t i o n  o f  D ip l o d i a  g o s s y p in a  
Cke. i n  g r e e n h o u s e  b o l l s  was d e m o n s t r a t e d .  B o l l s  o f  age 5 -6 0  d a y s  
(5 -d a y  i n t e r v a l s )  w ere  s u r f a c e  i n o c u l a t e d  w i th  s p o re  s u s p e n s io n s  
from  a f i e l d  i s o l a t e  o f  D. g o s s y p i n a . H igh h u m id i ty  was m a in ta i n e d  
t o  i n s u r e  maximum f u n g a l  a c t i v i t y  on th e  b o l l  s u r f a c e s .  The in o c u ­
l a t e d  b o l l s  w ere  removed a t  t h e  end o f  5 d a y s .  P a ra d e rm a l  and 
t r a n s v e r s e  s e c t i o n s  o f  t h e  b o l l  p e r i c a r p s  w ere  p r e p a r e d .
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P a ra d e rm a l  s e c t i o n s  showed f u n g a l  g row th  on p r a c t i c a l l y  a l l  o f  
t h e  b o l l  s u r f a c e s  ( F i g s .  27 , 2 8 ,  2 9 ) ,  and p e n e t r a t i o n  o f  b o l l s  th ro u g h  
t h e  s to m a ta  was o b s e r v e d  ( F i g s .  2 8 ,  2 9 ,  3 0 ) .  T h i s  a g re e d  w i th  
D e lg a d o 's  f i n d i n g s  ( 6 ) .
The a b i l i t y  o f  m ic ro o rg a n is m s  to  p e r s i s t  on th e  b o l l  s u r f a c e s  
u n t i l  t h e y  e n t e r  t h e  b o l l  h a s  b een  q u e s t i o n e d  ( 5 ,  2 0 ) .  The e v id e n c e  
g a t h e r e d ,  i n d i c a t i n g  a b u n d a n t  m i c r o b i a l  p o p u l a t i o n s  i n h a b i t i n g  th e  
f i e l d  and g re e n h o u s e  b o l l  s u r f a c e s ,  p o i n t s  up t h i s  a b i l i t y  o f  m i c r o ­
o rg a n is m s  t o  s u s t a i n  th e m s e lv e s  w h i le  c o n f in e d  t o  th e  b o l l  c u t i c l e .
Many o f  t h e  f u n g i  p ro d u c e d  d a r k  p ig m en ted  m ycelium  w hich  would 
r e d u c e  th e  d e t r i m e n t a l  e f f e c t s  o f  s u n l i g h t  on p r o to p la s m  ( F i g s .  9 
u p p e r ,  11 lo w e r ,  2 7 ,  28 , 2 9 ) .  T h i c k - w a l l e d  s p o r e s  a n d / o r  m ycelium  
(c h la m y d o s p o re s )  w ere  s e e n  a s  a n o t h e r  p o s s i b l e  r e a s o n  f o r  s u r v i v a l  
( F i g s .  9 u p p e r ,  27 lo w e r ,  2 9 ) .
Deep s t r i a t i o n s  i n  t h e  c u t i c l e  and in d e n te d  s u t u r e s  a f f o r d e d  
s i t e s  o f  a t t a c h m e n t  and p o s s i b l e  m o i s t u r e  c o n s e r v a t i o n  f o r  hyphae  
l o c a t e d  i n  them  ( F i g s .  28 u p p e r ,  2 9 ,  3 4 ) .  Guard c e l l  s e n e s c e n c e  
p e r m i t t e d  s t o m a t a l  o p e n in g  and th e  r e l e a s e  o f  m o i s t u r e  and p o s ­
s i b l e  s u g a r s  o f  v a r i o u s  t y p e s  t o  t h e  e x t e r i o r  o f  t h e  b o l l s  w here  
t h e  l a t t e r  c o u ld  be  a s s i m i l a t e d  by s u r f a c e  i n h a b i t i n g  m ic r o o r g a n is m s .
The t im e  o f  g u a rd  c e l l  s e n e s c e n c e  and s to m a ta  p e n e t r a t i o n  i n  
g re e n h o u s e  b o l l s  was le n g th e n e d  o v e r  t h a t  o f  f i e l d  b o l l  s to m a ta  
( F i g .  28 l o w e r ) .  The g u a rd  c e l l s  c e a s e d  f u n c t i o n i n g  b e tw ee n  th e  
3 5 th  and 4 0 th  d a y ,  and- f u n g a l  p e n e t r a t i o n  f o l l o w e d .  T hese  r e s u l t s  
d i f f e r e d  from  D e l g a d o 's  o b s e r v a t i o n s  ( 6 ) ,  w h ich  w ere  made u n d e r  l e s s  
humid c i r c u m s t a n c e s .
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The optimum c o n d i t i o n s  o f  a d e q u a te  m o i s t u r e ,  f e r t i l i z e r ,  and 
th e  " g re e n h o u s e  e f f e c t "  t o  w hich  th e  b o l l s  w ere  s u b j e c t e d  p ro lo n g e d  
b o l l  t i s s u e  m a t u r a t i o n  and d e h i s c e n c e  ( F i g .  33) and c o n t r a s t e d  w i th  
th e  d r y  s e a s o n  o f  1969.
D. g o s s y p i n a  r e a d i l y  p e n e t r a t e d  t h e  b o l l  s to m a ta  and grew  w i t h i n  
th e  e p id e r m a l  l a y e r s  d u r i n g  t h e  30 -40  day  p e r i o d s  o f  b o l l  t i s s u e  
d ev e lo p m e n t  ( F i g s .  28 lo w e r ,  2 9 ,  3 0 ,  3 1 ,  3 2 ) .  Hyphae w ere  o b s e rv e d  
i n  t h e  r e g i o n  o f  and e n t e r i n g  th e  d e h i s c i n g  b o l l  s u t u r e s  by t h e  
4 0 t h - 4 5 t h  day  ( F ig .  33 u p p e r ) .  Growth p ro c e e d e d  th ro u g h  th e  s u t u r e  
t o  t h e  l o c u l e  a s  d e h i s c e n c e  c o n t in u e d  ( F i g .  33 l o w e r ) .  F i b e r  r o t  
was o b s e rv e d  to  d e v e lo p  b e f o r e  e x t e r n a l  d e h i s c e n c e  i n  s e v e r a l  
i n s t a n c e s .
R e s u l t s  show ing th e  p r o g r e s s i v e  d ev e lo p m e n t  o f  D. g o s s y p in a  
w i t h i n  g re e n h o u s e  b o l l  p e r i c a r p  t i s s u e s  and th e  s u b s e q u e n t  r o t t i n g  
o f  t h e  f i b e r  i n  t h e  l o c u l e  s u p p o r t  t h e  i n f o r m a t i o n  o b t a i n e d  from  th e  
f i e l d  b o l l  s t u d i e s .
O b s e r v a t io n s  o f  D i p l o d i a  s u r f a c e - i n o c u l a t e d  g re e n h o u s e  b r a c t s  
on s q u a r e s  and b o l l s  th r o u g h  d e h i s c e n c e  com pared f a v o r a b l y  t o  th o s e  
o f  t h e  f i e l d  b r a c t  s t u d i e s .
F u n g a l  g ro w th  from  b r a c t  a p i c e s  a t  a l l  age i n t e r v a l s  was s e e n .  
T h i s  com pares  t o  r e s u l t s  r e c o r d e d  by D e lgado  (6 )  and Luke ( 1 2 ) ,  
a l th o u g h  th e y  d id  n o t  s tu d y  b r a c t s  on s q u a r e s .  The m id d le  and b a s e  
o f  th e  v a r i o u s l y  aged  b r a c t s  d id  n o t  p ro d u c e  f u n g a l  g ro w th ,  ho w ev er ,  
u n t i l  th e  1 5 th  day  and 3 5 th  d a y ,  r e s p e c t i v e l y ,  w i t h  th e  e x c e p t i o n  
o f  t h o s e  b r a c t  p o r t i o n s  on th e  1 t o  1 0 -d a y  s q u a re  s t a g e s  w hich  w ere
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s e r i o u s l y  a f f e c t e d  by i n f e c t i o n  o f  D i p l o d i a  (T a b le  5 ) .  The s q u a r e s  
o f  th e  1 t o  5 -d a y  s t a g e s  e x h i b i t e d  r o t  and f e l l  from  th e  p l a n t s ,  an 
o b s e r v a t i o n  i n  a g re e m e n t  w i t h  S c iu m b a to  ( 2 0 ) .  Only a few 1 0 -day  
s q u a r e s  re m a in e d  a t t a c h e d  to  th e  p l a n t s .  S q u a re  l o s s  a s  a  r e s u l t  o f  
i n o c u l a t i o n  was n o t  o b s e rv e d  i n  th e  p l a n t s  o f  t h e  o t h e r  h a l f  o f  th e  
same b en ch  w h ich  was h e l d  a s  a c h e c k .
F o r  t h e  f i r s t  t i m e ,  v i s u a l  e v id e n c e  o f  f u n g a l  e n t r y  and c o l o n i z a ­
t i o n  o f  th e  e n t i r e  b r a c t  t i s s u e  was p r e s e n t e d  and i t  v e r i f i e d  t h e  r e ­
s u l t s  o f  th e  i s o l a t i o n  s t u d i e s .  I n t e r c e l l u l a r  hyphae  w ere  s e e n  o n ly  
i n  th e  a p i c e s  o f  t h e  1 0 -d a y  b o l l  b r a c t s  ( F i g .  35 u p p e r ) .  F u r t h e r  
f u n g a l  p r o g r e s s i o n  w i t h i n  th e  b r a c t  t i s s u e  was n o te d  i n  th e  2 0 -d ay  
b r a c t  s e c t i o n s  ( F i g s .  35 lo w e r ,  36 u p p e r )  and c o n t in u e d  t o  th e  b r a c t  
b a s e s  by th e  4 0 -d a y  s t a g e  ( F i g .  3 8 ) .  C om plete  b r a c t  b reakdow n was 
o b s e rv e d  i n  t h e  5 0 th - d a y  b r a c t  s e c t i o n s  ( F i g s .  3 9 ,  4 0 ) .
B r a c t  e n t r y  by D. g o s s y p i n a  was th r o u g h  th e  s to m a ta  ( F ig .  4 1 ) ,  
a  f i n d i n g  w h ich  a g re e d  w i t h  t h e  f i e l d  b r a c t  w ork  ( F i g .  2 2 ) .
The r e s u l t s  o b t a i n e d  from  t h e s e  s t u d i e s  i n v o l v i n g  th e  mode o f  
b o l l  d e h i s c e n c e  and th e  p e n e t r a t i o n  o f  b o l l s  and b r a c t  t i s s u e s  by 
m ic ro o rg a n is m s  h av e  s u g g e s te d  p r o j e c t s  f o r  f u t u r e  s t u d y .
The i n t i m a t e  a s s o c i a t i o n  o f  t h e  i n t e r n a l  pa renchym a r i d g e  w i t h  
t h e  b o l l  f i b e r  i n  t h e  l o c u l e  may be  shown t o  b e  a  p o s s i b l e  l i n k  
b e tw e e n  t h e  r a p i d l y  m a tu r in g  f i b e r  and b o l l  d e h i s c e n c e .  I t  may be 
p o s s i b l e  t o  d e m o n s t r a te  a  r e l e a s e  o f  some s t i m u l a t o r y  compound, such  
a s  an  enzym e, by th e  c o t t o n  f i b e r  w h ich  would be a b s o rb e d  by th e  
parenchym a o f  th e  " r i d g e "  and t r a n s p o r t e d  t o  t h e  r e g i o n  o f  i n i t i a l  
s u t u r a l  d e h i s c e n c e .
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A n o th e r  s tu d y  m ig h t  be made t o  d e t e r m in e  th e  e x a c t  r o l e  o f  th e  
b a c t e r i a ,  o t h e r  th a n  th o s e  c o n s i d e r e d  a s  p r im a ry  p a t h o g e n s ,  i n  p r e ­
d i s p o s i n g  th e  b o l l  t i s s u e s  t o  r o t  by p a th o g e n s  o f  a h i g h e r  l e v e l ,  
such  a s  f u n g i .  B o l l  and b r a c t  i s o l a t i o n s  made d u r in g  th e  c o u r s e  o f  
s t u d y i n g  th o s e  m ic ro o rg a n is m s  in v o l v e d  i n  b o l l  r o t  i n  1969 and t h e i r  
mode o f  e n t r y  i n t o  f i e l d  b o l l  t i s s u e s  r e v e a l e d  a  l a r g e  number o f  
v a r i o u s  s p e c i e s  o f  weak b a c t e r i a l  b o l l  p a t h o g e n s .  T h is  o b s e r v a t i o n  
was i n  a c c o rd  w i th  i s o l a t i o n  s t u d i e s  from  p r e v i o u s  y e a r s  w h ich  showed 
v a r i o u s  b a c t e r i a l  t y p e s ,  w h ich  w ere  t h o u g h t  t o  be c o n t a m in a n t s ,  com­
b in e d  i n  m ixed  c u l t u r e s  w i t h  f u n g i  t a k e n  from  r o t t i n g  f i e l d  b o l l s .
A s tu d y  c o n d u c te d  t o  remove a l l  d o u b t  a s  t o  w hat i s  m ean t by 
th e  te rm  " d i r e c t  b o l l  p e n e t r a t o r "  i s  s e r i o u s l y  n e e d e d .  P r e p a r e d  
m ic ro tom e  s e c t i o n s  s h o u ld  be  made o f  b o l l s  s u r f a c e  i n o c u l a t e d  w i th  
th e  s o - c a l l e d  " p r im a ry  o r  d i r e c t  p e n e t r a t o r s . " These  s e c t i o n s  s h o u ld  
r e v e a l  th e  p a th o g e n s  d i r e c t l y  p e n e t r a t i n g  th e  c u t i c l e  o f  t h e  b o l l — 
n o t  th e  s t o m a t a - - a n d ,  l i k e w i s e ,  t h e i r  e n t r a n c e  t o  th e  l o c u l e  th ro u g h  
th e  e n d o c a rp  t i s s u e — n o t  th r o u g h  t h e  s u t u r a l  l i n e .
SUMMARY
1 . F i e l d  grown b o l l s  b eg an  c e n t r i f u g a l  d e h i s c e n c e  b e tw een  th e  1 0 th  
and 1 5 th  day  from  a n t h e s i s  d u r i n g  th e  d ry  c o t t o n  g row ing  s e a s o n  
o f  1969 .
2 . The t i s s u e  in v o lv e d  i n  i n i t i a l  b o l l  d e h i s c e n c e  was th e  parenchym a 
o f  th e  s u t u r a l  l i n e ,  l o c a t e d  b e tw een  th e  s c le re n c h y m a  f i b e r  
b u n d l e s .
3 .  The i n t e r n a l  pa renchym a r i d g e ,  a p a ren c h y m a to u s  s t r u c t u r e  w hich 
e x te n d e d  from  t h e  apex  t o  t h e  b a s e  o f  th e  b o l l  and i n t o  t h e  lo c u l e ,  
was i d e n t i f i e d .  T h is  " r i d g e "  was found  t o  p l a y  a s i g n i f i c a n t  r o l e  
i n  b o l l  r o t  i n i t i a t i o n .
4 .  The p r im a ry  mode o f  m i c r o b i a l  p e n e t r a t i o n  i n t o  Morrow and S t .  
J o s e p h  b o l l s  i n  1969 was th ro u g h  th e  s to m a ta ,  w h ich  rem a in ed  open 
on b o l l s  a f t e r  age  20-25  d a y s  from a n t h e s i s .
5 .  S u r f a c e  s t e r i l i z a t i o n  o f  f i e l d  b o l l s  d id  n o t  e f f e c t  th e  m i c r o b i a l  
g row th  w i t h i n  t h e  b o l l  p e r i c a r p s .  M ic ro o rg a n ism s  w hich  a r e  co n ­
f i n e d  t o  th e  p e r i c a r p  d u r i n g  b o l l  m a t u r a t i o n  c o n s t i t u t e  l a t e n t  
i n f e c t i o n .
6 .  B o l l  r o t  i n  t h e  Morrow and S t .  J o s e p h  p l o t s  i n  1969 was c au sed  
p r i m a r i l y  by  s e c o n d a ry  b o l l  p a th o g e n s  w h ich  p e n e t r a t e  th e  b o l l  
s to m a ta  and p ro c e e d  th ro u g h  th e  d e h i s c i n g  s u t u r e s  t o  th e  l o c u l e s .
7 .  F i e l d  b o l l s  w h ich  w ere  s u r f a c e  s t e r i l i z e d  and in c u b a t e d  d id  n o t  
e x h i b i t  s i g n i f i c a n t  r o t  p r i o r  t o  t h e  2 0 -d ay  b o l l  s t a g e ,  and c a l l u s  
t i s s u e  formed on many o f  t h e  5 t o  2 0 -d ay  b o l l s .
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8 .  M ic ro o rg a n ism s  w ere  n o t  i s o l a t e d  from  th e  b o l l  p la c e n ta l  colum ns 
u n t i l  d e h i s c e n c e  was a lm o s t  c o m p le te  a t  4 0 -4 5  d a y s .
9 . M ic r o b i a l  i n f e c t i o n  o f  b r a c t s  on s q u a r e s  o f  a l l  a g e s  was shown 
f o r  th e  f i r s t  t im e .
10. A l t e r n a r i a  t e n u i s  Nees was th e  p r im a ry  b r a c t  in v a d e r  i n  th e  
Morrow and S t .  J o s e p h  p l o t s .  The fu n g u s  was i s o l a t e d  from  a l l  
s t a g e s  o f  b r a c t  d e v e lo p m e n t .
11. M ic ro o rg a n ism s  i s o l a t e d  from  f i e l d  b r a c t s  w ere  e s s e n t i a l l y  th e  
same a s  t h o s e  t a k e n  from  f i e l d  b o l l  t i s s u e s  and r o t t e d  b o l l s .
12. V i s u a l  p r e s e n c e  o f  i n t e r c e l l u l a r  m i c r o b i a l  g ro w th  w i t h i n  a l l  
p o r t i o n s  o f  b r a c t s  was r e v e a l e d .
13 . O b s e r v a t io n s  o f  D i p l o d i a  g o s s y p in a  Cke. p e n e t r a t i o n s  and c o l o n i z a ­
t i o n s  o f  g re e n h o u s e -g ro w n  b o l l s  and b r a c t s  w ere  s i m i l a r  t o  th o s e  
o f  t h e  f i e l d  s t u d i e s ,  e x c e p t  f o r  d e la y e d  t i s s u e  m a t u r i t y  i n  
g r e e n h o u s e  b o l l s .
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